Annals 
of the 


Missouri Botanical Garden 





Vor. 6 APRIL, 1919 No. 9 








STUDIES IN THE PHYSIOLOGY OF THE FUNGI 


VI. Tue RELATION or BACTERIA TO CELLULOSE FERMENTATION 
INDUCED By FUNGI, WITH SPECIAL REFERENCE TO 
THE Decay or Woop 
HENRY SCHMITZ 


Rufus J. Lackland Fellow in the Henry Shaw School of Botany of 
Washington University 


It is a matter of common observation and easy demonstra- 
tion that bacteria are invariably present when wood decays 
under ordinary conditions. That a majority of these forms 
would be the ordinary air and soil saprophytes is only to be 
expected, yet the presence of cellulose-dissolving forms is not 
precluded. The purpose of this investigation is to determine 
whether or not cellulose-dissolving bacteria are habitually 
present on decaying wood under natural conditions and their 
influence, if any, on the rate of decay, also to determine 
whether or not the ordinary saprophytic forms, so universally 
present, in any way affect the cellulose-dissolving proclivities 
of the fungus actually causing the decay, by changing the reac- 
tion of the substratum so that it may be more or less favorable 
for optimum growth. 

Due to the facts that all wood used in this work was first 
sterilized by autoclaving and that the theories regarding the 
effect of autoclaving wood are somewhat diverse, it was found 
desirable, if not expedient, to determine first whether or not 
this process of sterilizing wood produced new conditions, so 
that the results would not be comparable to those which might 
obtain under natural conditions. 

ANN. Mo. BOT. GARD., Vor. 6, 1919 (93) 
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SURVEY OF LITERATURE 
EFFECTS OF AUTOCLAVING WOOD 


The different viewpoints in regard to the effects of sterili- 
zation upon woody tissues are indicated by the works of Pot- 
ter (04) and Spaulding (’06). The earlier workers in this 
field were primarily interested in the determination of the 
chemical compounds present in woody tissues. Thus, Singer 
(782) extracted four distinct substances by means of boiling 
water: vanillin, a substance giving the reactions of coniferin, 
a water-soluble gum, and also a substance giving a yellow 
color with hydrochloric acid. Van Wisselingh (’98) found 
that after treating slices of Beta vulgaris with distilled water 
at 125^ C. for six hours a wall of pure cellulose remained, 
while the peetin substances were decomposed and dissolved. 
Even at a temperature of 100? C. the tendency for water to de- 
compose and dissolve the cell wall was noted. 


Potter ('04) tried the effect of hot water on different woods, 
Quercus, Ulmus, Alnus, Aesculus, and others, and found that 
steaming had a decided effect on the cell wall. It was shown 
that the action of boiling water caused a delignification of the 
xylem. The watery extract obtained from sawdust and frag- 
ments of wood when treated in this manner contained a sub- 
stance which reacts to the lignin tests. Still further, it was 
shown that cold water, operating for a longer period of time, 
had a similar power of extracting from the xylem a substance 
which reacts with phloroglucin and thallin sulphate, and thus 
by continued soaking in water wood undergoes a partial de- 
lignification. If this be true, then autoclaving, even for the 
time required for sterilization, may have a marked effect on 
the wood when used for experimental purposes with reference 
to decay induced by fungi. 

Rose and Lisse (’17) have made chemical analyses of sound 
Douglas fir and of the same wood in various stages of decay. 
Their results showed a rapid decrease in the percentage of 
cellulose as decay proceeded, while the lignin seemed to be 
far more resistant. They do not state what fungus caused 
the decay of the wood upon which they worked, and for that 
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reason their results are far less valuable and ean in no way 
be taken as general. It has been shown by von Schrenk (700) 
that even on the same kind of wood two fungi may act in an 
entirely different manner with respect to which portion of 
the woody tissue is utilized. "Thus, Polyporus juniperimus 
growing on the wood of Juniperus virginiana caused a de- 
lignifieation in the first stages of decay and the remaining 
wood fiber was completely reduced to cellulose. Polyporus 
carneus, on the other hand, almost entirely removed the cellu- 
lose when growing on the same wood. 

Spaulding ('06) differs to some extent from the views ex- 
pressed by Potter. Steaming tests were made with a variety 
of woods, thin sections being placed in the Arnold sterilizer 
or the autoclave and the effects noted by micro-chemical reac- 
tions. Spaulding obtained slight delignification in Sassafras 
Sassafras after fifteen hours of boiling, and in Picea rubens 
after seven hours in the autoclave or with interrupted boiling 
after a total of twenty-seven hours. With these two excep- 
tions forty hours of boiling seemed to have no effect upon the 
lignin of the sections. In other tests, using the autoclave at 
a temperature of about 120° C., it was found that many woods 
gave evidences of delignification after fifteen hours of treat- 
ment, and nearly all after eighteen hours. 

Spaulding, however, does not consider these effects impor- 
tant with reference to experimental work with the wood-de- 
caying fungi, since it is claimed even the very thin sections 
had to be subjected to the action of boiling water for relatively 
long intervals before any decided effect could be detected. 
In discussing the effects of boiling water on finely divided 
wood, however, he admits that lignin is extracted in sufficient 
quantity for lignin reactions to be obtained in the filtrate 
from the extracted material. The effect of autoclaving thin 
shavings for one hour was also tested by Zeller (717). It was 
found that the sections were not delignified to such an extent 
that by staining with zine chloriodid any change could be de- 
tected, although the water in which the shavings had been 
boiled gave a very faint pink color with phloroglucin and hy- 
drochlorie acid. 
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THE RELATION OF BACTERIA TO CELLULOSE FERMENTATION 

The fact that certain microórganisms have the power to dis- 
solve cellulose has been known for some time. The actual de- 
termination of the forms involved and a better understanding 
of the process resulted from more recent investigations. 

Mitscherlich (750) first noted that the cellulose in the cell 
walls of slices of potato was dissolved when the slices were 
immersed in water and kept in a warm place for several days. 
A few years later attention was called by Haubner to the fact 
that it was impossible to recover more than 50 per cent of the 
crude fiber fed to ruminants. This observation was soon con- 
firmed by numerous other workers, but the agent causing this 
reduction was unknown at that time. It has been recently 
demonstrated by Ellenberger ('15) and others that cellulose- 
dissolving ferments could not be extracted from the intestines 
of herbivorous animals, nor could any such ferments be ob- 
tained from the walls of the stomach or any of the secretive 
glands. The fungous flora of the intestines, however, showed 
numerous cellulose-dissolving organisms. 

Some ten years after Haubner's discovery Trécul ('65) de- 
scribed a new genus, Amylobacter, which he found in connec- 
tion with macerated plant tissues. Following this work numer- 
ous other workers deseribed what they thought to be new 
forms. Thus we find Bacterium navicula of Reinke and Ber- 
thold (779), the hydrogen and methane ferments of Omelianski, 
Clostridium polymyza, Vibrio rugula, Clostridium butyricum 
of Prazmowski ('80), and others, all having the power to dis- 
solve cellulose. At first there was considerable confusion re- 
garding the validity of these forms. Van Tieghem (’77), 
working on Trécul’s Amylobacter, found it to be a motile rod 
and called it Bacillus amylobacter. Prazmowski (’80) re- 
garded his Clostridium butyricum as synonymous with Vibrion 
butyrique Pasteur, Amylobacter Trécul, Bacillus amylobac- 
ter Van Tieghem, and Bacterium navicula Reinke and Ber- 
thold. The work of Omelianski (’95, '97, ’02, '04) greatly 
contributed to a clearer conception of the causative organisms 
in cellulose fermentation and a better understanding of the 
processes involved. 
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It is of special interest to note that Bacillus amylobacter, 
as shown by Van Tieghem (777), does not dissolve the cellulose 
from all plants, and also the fact, as indicated by Omelianski, 
that with the forms worked on by him the power to dissolve 
cellulose decreased as the age of the cultures increased. 
McBeth and Seales (713) found that cellulose-dissolving bac- 
teria are universally present in cultivated soils. 

That even the ordinary saprophytes may, under some con- 
ditions, affect some of the components of the cell wall, is shown 
by van Hall (02). He found that Bacillus subtilis and B. vul- 
gatus could produce a rot on potatoes, turnips, and various 
nuts at a temperature of from 37 to 42? C. and that the middle 
lamella was dissolved. Potter ('04) also found that in the 
decoction made by boiling the alburnum of oak wood Bacillus 
subtilis could grow and utilize the extracted substance (lignin). 


ExPERIMENTAL WORK 
THE EFFECTS OF AUTOCLAVING WOOD 

Color changes induced in Douglas fir and western hemlock. 
—Egqual amounts, 2.000 gms., of fine Douglas fir sawdust were 
placed in 125-cc. Erlenmeyer flasks and 25 ce. of distilled wa- 
ter were added to each. The flasks and contents were then 
weighed to the closest 0.1 gram preparatory to autoclaving, 
so that if any change in weight took place during autoclaving 
the flask could be restored to its original weight by the addi- 
tion of distilled water, any change in the intensity of color 
then not being due to an increased concentration of the con- 
tents. The same methods were followed with western hem- 
lock sawdust. 

Some flasks and contents were not autoclaved; others were 
autoclaved for increasing intervals from forty-five minutes 
to twenty-one hours and the change of color noted. The col- 
ors are those of Ridgway (712). 

In both cases it is evident that a decided darkening occurs 
as the length of autoclaving increases. For the purposes of 
sterilization twenty hours of autoclaving are not necessary, 
yet there is a marked change in eolor eaused by forty-five 
minutes of this treatment. The exact nature of these changes 
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TABLE I 


COLOR CHANGES INDUCED BY AUTOCLAVING DOUGLAS FIR AND WESTERN HEM- 
LOCK SAWDUST FOR VARIOUS INTERVALS 


Interval of Color 

autoclaving Douglas fir Western hemlock 
Control (not autoclaved) Antimony-yellow Cinnamon-buff 
Ci MAR Cinnamon-buff Sayal-brown 
HEBR A CES Cinnamon Snuff-brown 
20 Bours ERA | Mikado-brown Natural brown 


is not entirely known but it is quite evident that some changes 
must occur due to the prolonged heating. 

Relative amounts of reducing substances in the aqueous ex- 
tracts after autoclaving Douglas fir sawdust.—Into each of 
fifteen thoroughly cleaned 125-ee. Erlenmeyer flasks equal 
amounts, 2.000 gms., of fine Douglas fir sawdust were placed. 
The sawdust was prepared from the heart-wood in the fol- 
lowing manner: Large pieces were sawed in the direction of 
the grain, resulting in a rather fine to coarse sawdust. This 
was then ground in a bone grinder until a comparatively fine 
mixture was obtained. The sawdust was dried to constant 
weight in a hot-air oven at a temperature of 85° C. and then 
allowed to stand uncovered in the laboratory for twenty-four 
hours. It was assumed that a fairly constant weight would 
be attained during that time, the amount of moisture taken 
up depending on the relative humidity of the air and the tem- 
perature. This procedure was followed rather than that of 
taking equal amounts of thoroughly dry sawdust, since it was 
found that a considerable fluctuation in weight took place dur- 
ing the process of weighing due to absorption of atmospheric 
moisture. 

To each of the flasks 25 ce. of distilled water were added, 
and each flask and contents weighed, as before, to the nearest 
0.1 gm., in order that the flasks might be restored to their orig- 
inal weight after autoclaving. Three of the fifteen flasks were 
not autoclaved, three were autoclaved 45 minutes, three 1 hour 
and 45 minutes, three 11 hours, and three 21 hours. After 
removal of the last set of flasks from the autoclave the contents 
of all the flasks were emptied into graduate cylinders and the 
total contents brought up to 80 ce. The extracts were then 
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filtered through No. 4 Whatman filter-paper and the filtrate 
tested for reducing substances by Shaffer's (14) method for 
the determination of sugars. 

In table 11 the amounts of reducing substances, calculated as 
mgs. of copper, are given. Ten cc. of the sample were used 
in each case. The potassium permanganate solution used in 
the titration was 1/20 normal. The reduction value for the 
Fehling control has been subtracted. 


TABLE II 


AMOUNT OF REDUCING SUBSTANCES CALCULATED AS MILLIGRAMS OF COPPER 
IN 10 CC. OF THE AQUEOUS EXTRACTS 


Amount of 
reducing 
Flask no. Interval of autoclaving substances | Average 
in 10 cc. of 
the extracts 


45 


46 Not autoclaved 


47 .22 2.22 


45 minutes 


1 hour, 45 minutes 


-OoO|lseus/lwaunlvov 
~ 
N 
tn 
oo 
oo 


[n 


11 hours 


CeO] sur | wre 


12 21 hours 21.08 
13 18.76 20.27 


It is clearly evident that the amount of reducing substances 
present in the aqueous extracts gradually increases with an 
increase in the time of autoclaving. It is quite probable also 
that some of the reducing power of the aqueous extracts is due 
to the presence of sugars. Fromherz (’07) has shown that on 
treating wood with hot water under pressure considerable 
quantities of sugar may be formed from the lignocelluloses and 
other wood components. It is claimed by Schwalbe (711) that 
as pure a cellulose as cotton will yield considerable quantities 
of sugar when subjected to the same treatment. 
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Reducing substances in the extracts of Douglas fir after 
autoclaving and subsequent treatment with 0.5 per cent sul- 
phuric acid.—The purpose of this series is to determine 
whether or not previous autoclaving in any way affects the 
rate of acid hydrolysis of woody tissues. 

Flasks containing Douglas fir sawdust and distilled water 
were prepared and autoclaved as before. Enough c.p. sul- 
phuric acid was then added to each flask to make it 0.5 per cent 
acid, and the entire series again autoclaved for 1 hour at 15 
pounds pressure and the amounts of reducing substances de- 
termined as mgs. of copper. 


TABLE III 


AMOUNT OF REDUCING SUBSTANCES CALCULATED AS MILLIGRAMS OF COPPER 
IN 10 CC. OF THE EXTRACTS 


e —— ——————————— 
LILL—LL—L————————————————————————————————oO 





4 Amount of 

Interval of autoclaving reducing substance 

Flask no. with dist. HO in 10 cc, of Average 

the extracts 

A C ET vL 
41 Not autoclaved 55.97 55.97 
a An E ES 
15 45 minutes 57.08 64.65 
deme cto s T4. US. EE 
19 11 hours 58.83 58.83 
23 61.05 
24 21 hours 63.60 62.32 





The results here show but a slight increase, if any, in the 
amounts of reducing substances present in the wood extracts 
in the flasks regardless of the increased time of autoclaving 
with distilled water. This may indicate either that prolonged 
previous treatment with distilled water did not cause any 
changes in the wood which would make it more subject to acid 
hydrolysis or that 0.5 per cent sulphuric acid is of sufficient 
concentration to hydrolyze the wood in any condition. 

Reducing substances in the extracts of Douglas fir after 
autoclaving and subsequent treatment with 1.0 per cent sodium 
hydroxide.—Flasks containing 2.000 gms. of Douglas fir saw- 
dust were prepared in exactly the same manner as in the two 
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previous series. After autoclaving the flasks and contents for 
varying intervals with distilled water enough c. p. sodium 
hydroxide was added to each flask to make the contents 1.0 
per cent alkaline, and the entire series was again autoclaved 
for one hour at fifteen pounds and the amount of reducing sub- 
stances determined as mgs. of copper. 


TABLE IV 


AMOUNTS OF REDUCING SUBSTANCES CALCULATED AS MILLIGRAMS OF COPPER 
IN 10 CC. OF THE EXTRACTS 








Amount of 


Fino, Todong [read] Average 
Ee) AR REESE PRO E PAS 
ei Not autoclaved e 7.31 
ra an 
CH jumee JS Le 
ons. Se 





Omitting those flasks which had no previous autoclaving 
there is a steady increase in the amount of reducing substances 
as the length of previous autoclaving increases. In this series 
different substances from those affected by acids would, of 
course, be acted upon. One to two per cent solutions of alkalis, 
while having but little effect upon cellulose at temperatures 
considerably above 100° C., break down the pectic bodies and 
hydrolyze gums and resins which are but slightly affected with 
dilute acids. 

Total amount of soluble substances present in the extracts.— 
Five cc. of the various wood extracts were placed in carefully 
cleaned, dry watch glasses. The liquid was evaporated in a 
hot-air oven at a temperature of 90° C., the heating being con- 
tinued until the weight of the residue remained constant. The 
following table shows the total dry weight in 5 cc. of the ex- 


[Vor. 6 
102 ANNALS OF THE MISSOURI BOTANICAL GARDEN 


tracts when the sawdust was autoclaved with distilled water 
for the time indieated : 





TABLE V 
TOTAL DRY WEIGHT OF THE SOLUBLE SUBSTANCES IN THE AQUEOUS EXTRACTS 
Interval of Dry wt. of residue Average 
Flask no. autoclaving (gms.) (gms.) 
45 0.0045 ei 
46 Not autoclaved 0.0045 
47 0.0047 0.0046 
1 0.0078 
2 45 minutes 0.0072 
3 0.0077 0.0076 
= "a 0.0076 
= 1 hour, 45 minutes 0.0075 
7 0.0075 0.0075 
8 0.0114 
9 11 hours 0.0113 
10 0.0112 0.0113 
11 0.0149 
12 21 hours 0.0137 
13 0.0143 0.0143 


A considerable increase in the total soluble substances is 
evident. This is no doubt due in part to the dissolving out 
of initially soluble substances, but that it may also be partly 
due to the conversion of some of the wood substances is indi- 








TABLE VI 
TOTAL DRY WEIGHT OF THE SOLUBLE SUBSTANCES IN THE ACID EXTRACTS 
Subsequent 
Flask Interval of autoclaving autoclaving D ABA Average 
RE DEN with dist. H:O after addi- Gene ? Geh 
tion of acid gme. 
EC 0.0169 P 
40 Not autoclaved 1 hour 0.0173 
41 0.0199 0.0180 
14 0.0073 
15 45 minutes 1 hour 0.0045 
16 0.0079 0.0066 
17 0.0088 
19 11 hours 1 hour 0.0080 
21 0.0075 0.0081 
22 0.0177 
23 21 hours 1 hour 0.0193 
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cated by the table showing a similar increase in the amounts 
of reducing substances present. 

The same procedure was followed with the extracts contain- 
ing 0.5 per cent sulphurie acid. Table vi shows the dry 
weight of the total soluble substances after the weight of sul- 
phurie acid had been deducted in each case. Each individual 
watch glass was weighed immediately after taking out of the 
oven, to avoid the error which might be caused by the acid 
taking up atmospheric moisture. 

Table vir shows the total dry weight of the soluble sub- 
stances present in the alkaline extracts after the amount of 
sodium hydroxide in the residue had been deducted in each 
case. 


TABLE VII 
TOTAL DRY WEIGHT OF THE SOLUBLE SUBSTANCES IN THE ALKALINE EXTRACTS 
Subsequent 
Paste Interval of autoclaving autoclaving Bey ate of Average 
o with dist. H:O after addi- (ema) (gms.) 
tion of alkali gms. 
IER 0.0366 
43 Not autoclaved 1 hour 0.0312 
44 0.0333 0.0337 
25 0.0384 
26 45 minutes 1 hour 0.0385 
27 0.0377 0.0382 
28* 0.0100 
29* 11 hours 1 hour 0.0029 
DN iL) d» cm P Im oa) unam met 0.0064 
2 0.0383 
33 21 hours 1 hour 0.0415 
36 0.0413 0.0404 


* Portion of extract lost in oven. 


Here again a slight increase is noted as the interval of auto- 
claving with distilled water increased. 

Relative amounts of tannins present in the aqueous extracts. 
—It could legitimately be contended that the increase in the 
amounts of reducing substances present in the extracts which 
reduce Fehling’s solution might merely be due to prolonged 
boiling extracting greater amounts of tannin. With this in 
mind the aqueous extracts were treated with a solution of 
ferric chloride and the intensity of the color taken as a crite- 
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rion of the relative amounts of tannins present. Five ce. of 
the various aqueous extracts were placed in clean test-tubes 
of 18 mm. diameter, four drops of a 2.0 per cent aqueous solu- 
tion of ferrie chloride added to each, and the color determined 
by comparing them with Ridgway's (12) plates. 








TABLE VIII 
RELATIVE AMOUNTS OF TANNINS PRESENT IN THE AQUEOUS EXTRACTS 
Flask no. Interval of autoclaving Color Be 
CO range Not autoclaved Wood-brown 3 
1-2. rs tt een: | ES minutes Yew-green 1 
4,5, Tassen oes esss| 1 hour, 45 minutes Krónberg's green 2 
BB Lt ele 11 hours Wood-brown 3 
1-42, 13 21 hours Wood-brown 3 


e ET APS 
Control (distilled water) |...................... Yellow tint. _ iiie 


This would seem to indicate that the extracts from the wood 
autoclaved the longest intervals and the extract from the wood 
not autoclaved contained the least tannin, while that auto- 
claved for forty-five minutes contained the most. Comparing 
these results with the table showing the amounts of reducing 
substances in the various aqueous extracts it is found that they 
in no way coincide. 

The presence of lignin in the aqueous extracts.—A test for 
the presence of lignin in the various aqueous extracts was 
made with phloroglucin and hydrochloric acid. In no case 
was more than a faint pink color evident. When, however, a 
few cc. of ether were added, the mixture well shaken, the ether 
separated and evaporated, the residue gave a decided red color 
with phlorogluein and hydrochloric acid. All of the extracts 
gave a positive test when treated in this manner. 

The presence of coniferin in the aqueous extracts—When. 
an aqueous solution of phenol and hydrochlorie acid was 
added to the extracts in no case did a color reaction take place. 

Hydrogen ion concentration of the aqueous extracts.—The 
hydrogen ion concentration of the extracts was determined 
aecording to the method suggested by Sórensen (709) as modi- 
fied by Henderson ('09) and previously employed by Duggar 
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in this laboratory. The following table gives the results of 
these determinations: 


TABLE IX 
HYDROGEN ION CONCENTRATION OF THE AQUEOUS EXTRACTS 


— ——————— 


Hydrogen ion 





Flask no. Interval of autoclaving Cher "ER 
AS 46. O70 1520803654321, Not autoclaved 10-7 
Ben Je Sr ee 45 minutes 10-* 
T Oe Pee oes ean er oe 1 hour, 45 minutes 107° 
8.910. 5. eremo 11 hours 107* 
E A eB e 10 






The extract from the unautoclaved Douglas fir sawdust is 
praetieally neutral. With the autoclaved sawdust there is a 
decided inerease in the hydrogen ion concentration in the 
aqueous extracts as the interval of autoclaving inereases. 

Acidity of the aqueous extracts.—The extraets were also 
titrated against N/20 sodium hydroxide with the following 
results. The acidity is expressed according to Fuller's scale, 
each being the average of three titrations. 


TABLE X 
DEGREE OF ACIDITY OF THE AQUEOUS EXTRACTS 


————————— 


Flask no. Interval of autoclaving Acidity 
"dba e R E m E 
ART 1. RT sip ej Not autoclaved 1.0 
d. dosevd aa 45 minutes 1.0 
e HP 1 hour, 45 minutes 2.0 
B A IA 11 hours 3.0 
A 21 hours 4.0 





These results correspond with the hydrogen ion determina- 
tions. A gradual increase in acidity results from increased 
length of autoclaving. 

Effect of autoclaving on the rate of decay induced by fungi. 
— Inorder to determine whether or not autoclaving in any way 
affected the rate of decay induced by fungi approximately 
equal amounts of western hemlock sawdust were placed in 
195-ce. wide-necked bottles. The bottles and contents were 
placed in the hot-air oven and dried to constant weight at a 
temperature of 90? C. and then weighed. Approximately equal 
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amounts of distilled water were added to each bottle and they 
were then autoclaved for periods from 45 minutes to 20 hours. 

The bottles in which the contents were not autoclaved were 
treated as follows: After drying to constant weight in the 
hot-air oven they were plugged with previously sterilized 
plugs. Weighing was done with the plugs removed, every pre- 
caution being taken to avoid contamination. Sterile distilled 
water was then added and they were ready for inoculation. 
Portions of the contents of three test bottles treated in this 
manner were poured on sterile agar plates and in each ease 
they were found to be sterile. 

All bottles were inoculated with Fomes pinicola and the rate 
of deeay determined by the loss in weight of the sawdust at 
the end of four months. The inoculations were made on April 
16, 1917. On August 18, 1917, the plugs were removed and 
the eontents again dried to constant weight and the loss in 
weight determined. Each series contained eight cultures. 

The details of this work are discussed under the relation of 
baeteria to the rate of decay induced by fungi. 

Table xr clearly shows that autoclaving western hemlock 
has a marked effect on the rate of decay induced by Fomes 
pinicola. It is quite probable that for different fungi the effect 
might be quite different. In this ease a gradual increase in 
the rate of decay is noted with an increase in time of auto- 
claving up to ten hours. After twenty hours of autoclaving 
the fungus did not attack the wood even though each bottle, 
in this case, was inoculated the second time. There was no 
growth of the fungus from the immediate point of inoeula- 
tion, and when, at the time of the second inoeulation, 30 days 
after the first, the small mass of fungus and agar used for the 
first inoculation was removed from the bottles and transferred 
to agar slants the fungus was found to be dead. At some 
point between ten and twenty hours” autoclaving a decided 
change in the sawdust must have taken plaee whieh made it 
toxie to the fungus. Just what this change was is not known. 
Suffice it here to say that when rate of decay induced by fungi 
is studied the time of autoclaving of the wood must also receive 
due consideration. 
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TABLE XI 


THE EFFECT OF AUTOCLAVING WESTERN HEMLOCK ON THE RATE OF DECAY 
INDUCED BY FOMES PINICOLA 























I 4b NW O a E CIE 
i eight 
Coltüre BEN Mi A. oid Loss in | Loss |Average | Time of 
bottle | dust before| dust after weight (per | loss (per | autoclav-| Remarks 
decay decay (gms.) | cent) cent) ing 
(gms.) (gms.) 
434 7.34 1.33 0.01 0.13 Not Only slight 
655 7.16 7.16 0.00 0.00 auto- growth 
242 7.58 7.58 0.00 0.00 claved of fungus 
160 1.28 1.25 0.00 0.00 near point 
106 6.96 6.96 0.00 0.00 of inocula- 
582 1.21 7.21 0.00 0.00 0.01 tion. 
16 7.19 7.18 0.01 0.14 45 min- |Light 
558 7.90 7.89 0.01 0.13 utes growth on 
741 7.71 7.71 0.00 0.00 surface. 
595 8.94 8.92 0.02 0.22 
244 1.46 7.44 0.02 0.27 0.15 
724 8.09 8.07 0.02 0.23 5 hours | Light 
598 7.00 6.96 0.04 0.57 growth 
99 6.86 6.82 0.04 0.58 through- 
209 7.49 7.42 0.07 0.93 out entire 
120 7.47 7.42 0.05 0.67 mass of 
762 7.67 7.62 0.05 0.65 sawdust. 
652 6.88 6.87 0.01 0.14 0.54 
739 6.95 6.35 0.60 8.63 10 hours | Heavy 
744 6.64 6.48 0.16 2.41 growth 
647 7.50 T32 0.18 2.40 through- 
261 6.81 6.74 0.07 1.03 out entire 
602 7.59 7.51 0.02 0.26 mass of 
477 7.30 7.26 0.04 0.55 sawdust. 
98 7.40 7.34 0.06 0.81 2.30 
683 1.19 2.13 0.00 0.00 20 hours | All bottles 
408 7.31 7.31 0.00 0.00 inoculated 
95 1511 7.17 0.00 0.00 twice. In 
579 7.23 7.22 0.01 0.14 neither 
644 7.54 7.54 0.00 0.00 case did 
610 7.31 TM 0.00 0.00 infection 
154 Lada 7.53 0.00 0.00 0.01 take place. 
1051 9.37 9.37 0.00 0.00 Control | Error due 
1052 8.53 8.53 0.00 0.00 to weigh- 
1053 9.11 9.11 0.00 0.00 ing +0.02 
1054 8.60 8.60 0.00 0.00 per cent. 
1055 7.32 7.32 0.00 0.00 
1056 7.47 7.46 0.01 0.13 
1057 9.23 9.23 0.00 0.00 
1058 6.04 6.04 0.00 0.00 
1059 8.53 8.53 0.00 0.00 
1060 9.16 9.15 0.01 0.11 0.02 
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BACTERIA IN RELATION TO CELLULOSE FERMENTATION AS 
INDICATED BY THE DECAY OF WOOD 

Isolation of bacteria present on decaying wood under nat- 
ural conditions and the determination of their cellulose-dis- 
solving properties.—It has been satisfactorily demonstrated 
by numerous investigators that certain baeteria have the 
power to dissolve cellulose under both aérobie and anaérobie 
conditions. If these forms play any part in the decay of wood 
under natural conditions they should be found present in con- 
nection with the fungi or alone on decaying wood. To deter- 
mine this the bacteria from numerous samples of decaying 
wood were isolated and their cellulose-dissolving properties in- 
vestigated. 

Method of isolation.—Small samples of deeaying wood were 
placed in test-tubes containing about 10 cc. of sterile distilled 
water and allowed to soak from five to ten minutes with fre- 
quent vigorous shakings of the tube to facilitate removing any 
baeteria which might adhere to the surface of the samples. 
Transfers were made from the water blanks to tubes of melted 
media and plated in the usual manner. 

The following kinds of media were employed: hard potato 
agar, cotton cellulose agar, filter-paper cellulose agar, oak cel- 
lulose agar, ash cellulose agar, Douglas fir cellulose agar, and 
western hemlock cellulose agar. 


The hard potato agar had the following composition: 


PTAC Trot d Sie user hber 200 gms. potato 
CUORE NIE ER EE 20 gms. 

AE SEEREN FESTERNE PTEE ETTI 20 gms. 
Distilled water to make............ 1000 ce. 


The filter-paper cellulose was prepared in the manner de- 
scribed by McBeth and Seales (713) and later by Cooley (714). 
Fifteen gms. of filter-paper were dissolved in Schweitzer’s so- 
lution and precipitated with hydrochloric acid. "The mixture 
was diluted to ten liters and the cellulose allowed to settle. 
After settling, the supernatant liquid was poured off and the 
cellulose thoroughly washed with hydrochlorie acid to get rid 
of all traces of copper. It was then thoroughly washed with 
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distilled water to remove all traces of chlorme. The water 
was filtered off with a Buchner's funnel and the cellulose 
washed repeatedly. After washing, it was transferred to a 
liter flask containing 500 cc. of distilled water, and sterilized. 

Cotton cellulose was prepared in the same manner as the 
above. 

The wood cellulose was prepared by treating a quantity of 
fine shavings of the wood in question with a solution composed 
of 30 gms. of potassium chlorate dissolved in 520 ec. of nitrie 
acid (sp. gr. 1.1). The shavings were added slowly to the solu- 
tion while the flask was immersed in ice water to prevent ex- 
cessive heating. After the addition of the shavings the mix- 
ture was kept cool for four to five weeks when the shavings 
were well washed and then dissolved in Schweitzer’s solution 
in the same manner as was the filter-paper and the cotton. 

Cellulose agar was prepared by adding about 1 per cent (by 
weight) of the precipitated celluloses to a mineral nutrient 
solution having the following composition : 


Monopotassium phosphate ............... 1 gm. 
Magnemum sulphate 1.2258 ita eu 1 gm. 
Sodium dilonde 6 1422. dace er 1 gm. 
Ammonium Sulphate ......ezerrrr n9 1 gm. 
Caley GAT Donate eg ZE coa 2 gms. 
Distilled watt ae 1000 ce. 


Twenty gms. of agar were added to a mixture containing 500 
ec. of the above solution and 500 ec. of the cellulose suspension. 

It is evident that the cellulose present in media made up in 
this manner is the only source of carbon. Growth of an organ- 
ism, therefore, on the medium may be taken as an indication 
of the power to utilize cellulose. Table xii indicates the re- 
sults of the attempts to isolate cellulose-dissolving organisms 
from decaying wood. The cellulose agar plates were kept un- 
der observation from two to three weeks at room temperature. 

In no ease was a bacterial form found on any of the cellulose 
agars. The fact that none developed, however, does not pre- 
clude the possibility of their presence on the decaying wood. 
It is a known fact that some organisms require the presence 
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TABLE XII 
ISOLATION OF CELLULOSE-DISSOLVING BACTERIA FROM DECAYING WOOD 


















= El Number of colonies on 
5 z ES cellulose agar 
Sample| Place of | Date of - S ln 
no. | collection rent Kind of wood [222 c S IS 
C8 Rl 5p S w [3.8 
sc s| S S 3.55 
Z HEI IG A o <| O[Qu IZE 
1 10/ 3/16 | Willow 0 Orol Bl 0-81 0 
2 10/ 3/16 | Willow 8 0¡0|0|0| 0 0 
3 11/24/16 | Locust 4 010/0101 0 0 
4 11/24/16 | Locust 6 0|0|0|0| 0 | 0 
5 11/24/16 | Ash ki 0/|0/|0/0]| 0 0 
6 St. Louis | 11/24/16 | Osage orange 9 0100/01 0 |. 0 
7 11/24/16 | Juniper 2 001010101 0 0 
8 11/24/16 | Oak 3 0 |0|0|0| 0 0 
9 11/24/16 | Oak 2 0/0/0/0]| 0 0 
10 11/27/16 | Palm stem 5 0|0/|0/0/| 0 0 
11 10/10/16 | Douglas fir 2 |ojojolololo 
12 10/10/16 | Douglas fir o |ololololo lo 
13 10/10/16 | Douglas fir 0 010/0101 0010 
14 10/10/16 | Douglas fir 0 0¡|0|0|0| O | 0 
15 10/10/16 | Douglas fir 3 0|¡0|0|0| 0 | 0 
16 10/10/16 | Douglas fir 7 0/|0/|0/0/01]|0 
17 10/10/16 | Douglas fir 4 0¡|0|0|0| 0 0 
18 10/10/16 | Douglas fir 6 0|0|0|0| 0] O 
19 10/10/16 | Western hemlock 7 0[0/0/0|0]| 0 
20 10/10/16 | Western hemlock 0 0101010) 0 |] 0 
21 Seattle | 10/10/16 | Western hemlock 2 01010101010 
22 10/10/16 | Western hemlock 3 O 10:01:01 0 0 
23 10/10/16 | Western hemlock 0 0[|0/0/0|0]|O0 
24 10/10/16 | Western hemlock 1 0.1.0] O1. 0. I 0 
25 10/10/16 | Western hemlock 3 D 1009 0.0 0010 
26 10/10/16 | Western hemlock 3 0-1:01010| oO O 
27 10/10/16 | Western hemlock 2 0|0/0/0|0]| O 
28 10/10/16 | Western hemlock 1 0|0|0|0| O 0 
29 10/10/16 | Western hemlock 0 0-16] 0| 0. un 
31 10/10/16 | Western hemlock 4 01.010.101 Or 1-0 
24 TELE Pes 1 0.9 OF 0) 0 0 
3 : | 10/10/16 S 4 O 100 0 0 0 
34 | St. Louis | 10/10/16 | Maple EUA 
35 10/10/16 | Maple 5 0/|0/0/0| 0 0 


of small quantities of other carbohydrates in their early stages 
of development before cellulose can be utilized. In many of 
the plates species of Penicillium developed which dissolved the 
cellulose to a considerable extent. This could be determined 
by the clearing up of the agar near the colonies. That some 
species of Penicillium have this power has been shown by 
Ward (798) and McBeth and Seales (713). 
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RELATION OF BACTERIA TO THE RATE OF DECAY INDUCED BY 
FUNGI UNDER LABORATORY CONDITIONS 

It is possible that even though the cellulose-dissolving bac- - 
teria play no part in the decay of wood under natural condi- 
tions, the ordinary air, soil, and water forms, so universally 
found in eonnection with decaying wood, may have an impor- 
tant indirect influence on the rate of decay caused by fungi. 
This may come about by these organisms changing the reaction 
of the substratum in such a manner that it may be more or less 
favorable to the optimum development of the fungus; or it is 
also quite possible that in their metabolism they may utilize 
some of the hydrolytie products produced by the fungus, an ac- 
cumulation of which might be partially toxie to the fungus. In 
order to determine whether or not this is true, pure cultures 
of bacteria were added to pure cultures of different fungi and 
their effect, if any, on the rate of decay noted. 


Methods and materials.—Approximately equal amounts of 
sawdust were placed in clean weighed 125-cc. wide-necked bot- 
tles. "The bottles and contents were placed in a hot-air oven 
and dried to constant weight at a temperature of 90? C. and 
weighed again. Approximately equal amounts of water were 
added to each flask and they were then plugged and sterilized 
at fifteen pounds for twenty minutes. Every effort was made 
to have conditions as nearly identical as possible in each bot- 
tle. Each was inoculated with a wood-destroying fungus, and 
after the wood was well infected bacteria were added and the 
rate of deeay determined by the loss in weight of the culture 
bottles after six months. 


The experiments were conducted with four species of com- 
mercial woods, Douglas fir (Pseudotsuga taxifolia), western 
hemlock (Tsuga heterophylla), white ash (Fraxinus sp.), and 
red oak (Quercus sp.). Heart-wood was used in each instance. 
The Douglas fir and western hemlock wood were obtained from 
freshly sawed logs. The white ash and red oak were pur- 
chased from lumber dealers and were in all probability air- 
seasoned. 'The sawdust was prepared as previously dis- 
cussed. 
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CULTURE RELATIONS: FUNGI 


The three fungi used were selected because of their vigorous 
growth in cultures, their importance as wood-destroying 
forms, and the fact that they are found on both coniferous 
and deciduous hosts. Fomes pinicola Fr. is particularly de- 
structive on a great variety of conifers. It has also been re- 
ported by Weir (14) on Populus trichocarpa, P. tremuloides, 
Betula occidentalis, Fagus sylvatica, Quercus pendiculata, 
and other deciduous hosts. Polystictus versicolor (L.) Fr. has 
a wide range of deciduous hosts and has also been reported 
by Weir (714) on Larix occidentalis, Pinus monticola, and 
Pseudotsuga taxifolia. Lenzites saepiaria Fr. has been previ- 
ously used in this laboratory by Zeller (’16) with excellent re- 
sults. It is more important as an organism causing decay of 
coniferous woods but has also been reported on Populus alba, 
P. tremuloides, Betula occidentalis, Acer glabrum, and other 
deciduous hosts by Weir (714). 

Cultures of Fomes pinicola were made from young sporo- 
phores by the tissue method first reported by Duggar ('05) 
and later used by Zeller (’16) in obtaining cultures of Lenzites 
saepiaria. Young sporophores, from four to six inches in 
diameter, were washed with tap water followed by a thorough 
washing with sterile distilled water, and then dried with sterile 
tissue towelling. An incision from one-half to one centimeter 
deep was made aeross both surfaces of the sporophore with a 
sterile sealpel and the sporophore then broken open. This 
eliminated the possibility of contamination of the deeper tissue 
by the carrying down by the scalpel of bacteria and spores 
from the surface of the sporophore and also left a jagged sur- 
face on the broken deeper tissues, portions of which were 
easily torn off by means of a sterile forceps and quickly trans- 
ferred to Thaxter's hard agar slants. The fungus grew ex- 
ceptionally well on this media. Twenty-four tissue transfers 
were made, of which twenty-three grew, none being contami- 
nated. 

Cultures of Lenzites and Polystictus were made by the spore 
method. This method has been extensively used by Falck 
(702), Lyman (’07), Münch (709), and Zeller (716). The tech- 
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nique involved in making spore cultures of the two forms is 
similar. The sporophores were thoroughly rinsed with sterile 
distilled water to remove as many bacteria and foreign spores 
of fungi as possible. Since gentle agitation facilitates this, it 
was found convenient to place the sporophores in sterile wide- 
necked flasks partially filled with sterile distilled water. After 
a gentle shaking the sporophores were removed with a pair of 
sterile forceps, dried with sterile tissue towelling and placed 
in other similar flasks. By repeating this process three times 
the surface of the sporophore is found to be comparatively 
free from baeteria and the spores of foreign fungi. Following 
this preliminary washing the sporophores were allowed to soak 
from one to two hours in sterile distilled water, then thor- 
oughly rinsed and dried as before, and finally placed hyme- 
nium downward in large sterile Petri dishes. By means of 
short sterile glass rods the sporophore was kept from resting 
on the bottom of the Petri dish and thus the possibility of con- 
tamination of the Petri dish by contact with the sporophore 
was avoided. In from twelve hours to two days the spores 
were discharged to such an extent that they were plainly visi- 
ble on the bottom of the Petri dish. By means of a platinum 
loop they were removed to a sterile water blank and by the 
same method were transferred from the water blank to tubes 
of molten agar and then plated in the usual manner. Trans- 
fers were made from characteristic colonies from the plates 
to agar slants. 

A much easier and quicker method, though less certain to 
be a pure culture, is to place the washed sporophores in Petri 
dishes containing a small amount of sterile agar. The sporo- 
phores are not allowed to rest directly on the agar but are kept 
from it by means of short sterile glass rods lying across the 
agar. The spores thus fall directly on the nutrient agar and 
after germination transfers can be made directly to agar 
slants. Cultures free from contamination were obtained by 
this method but were not used on account of the decided ad- 
vantages of the other method. 

In order to avoid growing the fungi on artificial media for 
any length of time before using them in the decay experiments, 
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they were transferred to sterile Douglas fir and hemlock saw- 
dust in Erlenmeyer flasks for keeping. All three forms grew 
comparatively well on both kinds of sawdust. 

Optimum degree of acidity of media for fungi used.—In con- 
nection with this work it was necessary to determine whether 
or not slight changes in the reaction of the medium had any 
influence on the rate of growth of the fungi. Media of differ- 
ent degrees of acidity were therefore made up. "Three liters 
of medium having the following composition per liter were 
prepared: 


Extract from 450 gms. carrot 
OIGO een 10 gms. 
PEP racial 25 gms. 
Distilled water to make. .1000 ce. 


Two-hundred-ee. amounts of this medium were placed in 
500-cc. Erlenmeyer flasks and autoclaved for twenty minutes 
at fifteen pounds. This medium titrated +13.5 Fuller’s scale 
after autoclaving. After adding varying amounts of sterilized 
hydrochloric acid or sodium hydroxide to the flasks samples 
were again titrated while the agar was still in a liquid condi- 
tion. Twenty-cc. amounts were placed in each of six Petri 
dishes of approximately nine centimeters diameter. Before 
inoculating these plates with the fungi they were allowed to 
stand for three days at room temperature in order to deter- 
mine whether or not they were sterile. For each fungus two 
plates were used for each concentration. The colonies were 
measured in two directions at right angles to each other and 
the average taken. 


It was endeavored to inoculate all plates in a practically 
identical manner, and to do this, plate cultures of the fungus 
in question were cut by means of a sterile scalpel into squares 
measuring approximately three-quarters of a centimeter on 
each side. A single square was placed in the center of each 
plate and after six and again after eight days’ incubation at 
room temperature the size of the colonies was measured. The 
results are tabulated in table xm: 


1919] 
SCHMITZ—STUDIES IN THE DECAY OF WOOD 115 


TABLE XIII 


RATE OF GROWTH OF FOMES PINICOLA, POLYSTICTUS VERSICOLOR, AND LENZITES 
SAEPIARIA ON MEDIA OF INCREASING ACIDITY 


Diameter of colonies in centimeters 


CS UR ME cte e Mte ESA a piel cc c 
media, Fuller's Fomes pinicola Polystictus versicolor | Lenzites saepiaria 

l — €———————————— ————————— ————— 

EEN 6 days 8 days 6 days 8 days 6 days 8 days 
+ 2.5 No growth 1.8 No growth 1.6 No growth| 2.3 
+ 4.5 1.8 3.0 4.9 7.0 2.3 3.7 
+ 6.0 1.9 SL 5.4 7.6 2.4 3.9 
+ 7.75 2.0 Qul 6.3 8.2 2.4 3.9 
+ 9.75 1.9 3,1 6.6 9.3 dd 4.1 
+13.5 2.1 2.9 5 7.4 2.4 4.0 
+14.0 1.9 3,1 5.8 7.4 2.5 4.0 
+16.25 1.8 2.9 5.3 6 9 2.6 3:9 
+18.5 D. 2.9 dsd 6.4 25T 4.1 
+21.25 1.8 3.0 4.7 6.0 2:3 3,9 
+22.25 1.6 3.0 4.4 Jud 2:9 3:3 
+24.5 1.7. 3.0 4.3 4.6 d.t 2.8 





There is but little difference in the rate of growth of Fomes 
pinicola on media ranging from + 5 to + 24.5 acid, Fuller's 
scale. On a medium of + 2.5 there is a decided retardation 
in the rate of growth. Polystictus versicolor shows a marked 
response to the reaction of the medium. A maximum is at- 
tained when the medium titrates + 9.75, Fuller's scale, with a 
steady decrease in the rate of growth as the acidity increases. 
The effect of the reaction of the medium on the rate of growth 
of Lenzites saepiaria is quite similar to that on Fomes pinicola 
except that there is a marked retardation on the media of the 
higher concentrations. 


It is appreciated that by titrating samples of acidified agar 
in this manner the actual acidity of the medium is not defi- 
nitely determined, due to the buffer effect of the agar on the 
hydrogen ions; yet the results would indicate that slight varia- 
tions in the reaction of the substratum would have little or no 
effect on the rate of development of Fomes pinicola or Leneites 
saepiaria but that they might have in the case of Polystictus 
versicolor. 

CULTURE RELATIONS: BACTERIA 

The bacteria used were chosen, with one exception, with ref- 
erence to their acid or alkaline reactions on eulture media. The 
presence of a nitrogen-fixing soil form was also tried. The 
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nomenclature used is that of Migula (700). The following or- 
ganisms were employed : 
(1) Alkaline on litmus milk. 
Bacillus vulgatus (Flügge) Mig. 
Bacterium mycoides (Scholl) Mig. 
(2) Acid on litmus milk. 
Bacillus vulgaris (Hauser) Mig. 
Bacillus coli (Escherlich) Mig. 
Bacillus prodigiosus (Ehrenberg) Flügge. 
(3) Nitrogen-fixing form. 
Azotobacter chroococcum Beijerinck. 


All forms were plated in the usual manner, to make certain 
that pure cultures were being considered, and then transferred 
to standard beef broth. 

Method of inoculation of culture bottles—Transfers from 
the sawdust cultures of the fungi were made to sterile agar 
plates. When the entire surface of the plate was overgrown 
with the mycelium it was cut into small squares of approxi- 
mately one square centimeter size by means of a sterile scalpel. 
A single square was added to each culture bottle. In most 
cases the mycelium could be seen growing through the sawdust 
about one week after inoculation. 

When the fungus mycelium had become well established in 
the sawdust the culture bottles were inoculated a second 
time either with another fungus or with bacteria. Previous to 
this second inoculation all culture bottles were carefully 
inspected and those in which the infection of the sawdust did 
not occur were thrown out. The second fungus inoculation 
was made in a similar manner to the first. The bacteria were 
added by transferring a considerable number of the organisms 
from hard agar slants to 250-cc. Erlenmeyer flasks containing 
distilled water. Where more than one bacterium was added 
to the culture bottles a mixture of the organisms was made in 
the same way. Approximately one cc. of bacterium suspension 
was added to each culture bottle. After all of the culture bot- 
tles were inoculated with the bacterial suspension transfers 
were made to agar slants to make certain that the action of the 
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distilled water had not killed the organisms. In the case of the 
controls and bottles which contained the fungi alone a similar 
amount of sterile distilled water was added so that the mois- 
ture conditions in all the culture bottles would be the same. 

After all of the culture bottles were inoculated with the de- 
sired organisms the cotton plug of each was covered with two 
thicknesses of paraffined tissue paper to avoid excessive evap- 
oration from the flasks, the paper being secured by means of a 
rubber band. This did not make an air-tight covering, but in 
most cases the cultures remained suffieiently moist without 
watering throughout the period of incubation. In the few 
cases in which additional watering was necessary effort was 
made to keep the moisture conditions similar to those of the 
other culture bottles. 

The cultures were then removed to a very humid rotting-pit 
with a temperature varying from 22? C. in summer to 35? C. 
in winter. The period of incubation in all cases was six 
months. 

At the end of the period of ineubation small particles of 
sawdust, such as would adhere to a moist sterile platinum 
needle were transferred to sterile potato agar slants in order 
to determine whether or not the bacteria were still alive. The 
plugs were then removed and the culture bottles again dried to 
constant weight in the hot-air oven at a temperature of 90? C., 
weighed, and the loss in weight determined. 

In all cases the rate of decay is based on the loss in weight 
of the culture bottles during the period of incubation. Each 
set originally contained ten cultures but some were thrown out, 
due to infection of the fungus not taking. The average loss in 
each set was determined and taken as the basis of comparison 
between the various sets. 


DESCRIPTION OF CULTURE SERIES 
Four series of cultures were prepared: series A, of red oak; 
series B, of white ash; series C, of western hemlock ; and series 
D, of Douglas fir. 
Culture bottles from which transfers were made to deter- 
mine the presence or absence of bacteria at the end of the 
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period of ineubation are indicated by the symbols designated 
in the footnotes in the following tables: 


TABLE XIV (Series A) 


THE EFFECT OF BACTERIA ON THE RATE OF DECAY INDUCED BY FOMES PINICOLA, 
POLYSTICTUS VERSICOLOR, AND LENZITES SAEPIARIA ON RED OAK 














Re AA A MAL A 
o E E + o E E + 
S |&8 |5x* [9*8 |2 >| E (Es | Be [98 |2 > 
B [8952|892|/292| 928| 8 |389| 38gal igavat 
D d |. d BOW 3 g Sag) IO E SEO 
= SoEISTEleo El zë" g SoEl|S,ElgoEl 95. 
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Control, error due to weighing +0.02%  ||F. pinicola 2/16/17, L. saepiaria 3/30/17 





71 9.37 | 3.38 |-0.01 | - 0:12 21 9.52| 9.50 1 0.02 | 0.21 
72 7.98 | 7.98 | 0.00 | 0.00 22 9.79 | 9.75 | 0.04 | 0.40 
73 7.41 | 7.41 | 0.00 | 0.00 EB. EN PERRA SEDA IRRE 
74 9,00 | 9.00 | 0.00 | 0.00 24 10.05 | 10.04 | 0.01 | 0.10 
75 8.96 | 8.96 | 0.00 | 0.00 25 9.53 | 9.49 | 0.04 | 0.60 
76 9.51 | 9.59 110,01 | 0.10 26 10.30 | 10.25 | 0.05 | 0.48 
77 7.39 | 7.39 | 0.00 | 0.00 27 9.69 | 9.67 | 0.02] 0.21 
78 7.56 | 7.56 | 0.00 | 0.00 28 9.321 9.30 |. 0,02] 0.21 
79 8.09 | 8.09 | 0.00 | 0.00 29 10.15 | 10.14 | 0.01 | 0.10 
80 9.16 | 9.16 | 0.00 | 0.00 E A O s 
Po A HE, ee ag 0.02 1 Averagel nenlon cian e 0/29 


F. pinicola 2/16/17, P. versicolor & 
saepiaria 3/30/17 


1 | 9.44| 9.41) 0.08] 0.32 | 31 | 9.53) 9.331 0.211 2.22 

2 | 9.47| 9.47 ooa] 0.00]| 32 | 8.72| 86110111 1.26 

3 | 9.45| 9.48 0.00| 0.00] 33 | 947| 92710201 211 

4 | 871| 8.70| 0.01 | 0.11 34 | 10.26 | 10.20 | 0.06 | 0.58 

5 | 8.87| 8.84|0.03| 0.38 || 35 | 9.02] 8.90|0.12| 1.33 

6 | 8.83| 8:83|0.00| 000 || 36 | 9.36| 9:20| 0.16 | 1.70 

7 | 9.51| 9.48 [0.03 | 0.31 || 37 | 9.41| 9.35 | 0.06 | 0.63 

8 | 9.03 | 9.03 /0.00| 0.00| 38 | 996| 9:91| 0.05 | 0.50 

9 | 9.34 | 9.33| 0.01 | 0.11 39 | 9.71] 9.53|0.18 | 1.85 
10 | 9.00 | 9.00 |0.00 | 0.00|| 40 | 9:55| 9s2l003| 031 
A PTA hoà 0.10 [Avira irc diiniita ió 1.24 
F. pinicola 2/16/17, P. versicolor 3/29/17 nr 2/16/17, B. prodigiosus 
“11 | 8.751 8.72,0.03 | 0.34 | 41 | 9.231 9.18 10.08 1 0.34 
12 | 9.22| 9:201 0.02| 021 | 42 | 9.35 | 805 | 0.40) 4.27 
13 | 9.42| 9.39 | 0.03 | 0.32 | 43 | 99. | 9.86 |0.08 | 0.80 
14 | 9.11 | 9:09|0.02| 0.22 | 44 | 8701 8.43| 0.27 | 3.08 
ll E deg 45 | 9.45| 9.26 | 0.19 | 2.01 
I| HD, ebbe GE ola dn 46 | 8.97| 8,910.06 | 0.67 
17 | 9.89 | 9.78 | O.11 | 1.11 || el 9.12| 89 |0.13 | 1.42 
18 | 9.26| 9:26 | 0.00| 0.00|| 48 | 9.42| 9:20| 0.22 | 246 
19 | 9.12| 9:07|0.05| 0.55 | 49* | 9.14 | 9.04|0.10 | 1.09 
20 | 9:95 | 9.92|0.03 | 0.30 || sor | 933| 9.19 | 0.14 | 1.60 


Averagel: 2:3 uli woes Ale wales 0.36 PEINE See age da reach aac 1.79 
* No bacteria present at end of incubation. 
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3/31/17 
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Sei d 

51 9.47 
52 9.36 
53 10.22 
54 10.15 
55 9.99 
56* | 9.25 
57 9.58 
58 9.24 
59* 9.37 
60* 9.91 

Average 


F. pinicola 2/16/17, B. prodigiosus & 
Bact. mycoides 3/31/17 


61 
62 
63* 
64* 
65 
66* 
67 
68 
69 
70 
Average 


Lenzites saepiaria 2/15/17 


81 
82 
83 
84 
85 
86 
87 
88 
89 
90 


ra PA rmn | 


3/30/ 
91 
92* 
93 


es aF . .. .. a a ee 


9.74 
9.90 
8.98 
9.79 
9.59 
8.69 
9.74 
10.02 
9.01 
11.17 


9.19 
8.87 
8.75 
10.73 
10.27 
8.99 
8.42 
8.61 
9.32 
9.45 


8.80 
9.35 
9.74 


TABLE XIV (Continued) 


HE. 1€ Lp NY 


9.16 
9.15 
10.04 
10.00 
9.93 
9.06 
9.38 
8.99 
9.14 
9.67 


9.49 
9.69 
8.75 
9.54 
9.49 
8.57 
9.67 
9.73 
8.82 
10.97 


9.18 
8.78 
8.74 
10.72 
10.27 
8.98 
8.42 
8.60 
9.30 
9.44 


8.75 
9.27 
9.63 


oooocoocoo 
b3 m bb IM O hn a ho Ga 
Va Ga nO VW DUDO a rr 


— 
to 


È, TH 2/15/17, B. prodigiosus 
1 


0.05 
0.08 


kä Fé Ab C M m hh rh FA NN bh NO IM na bd Y 
[^ o 
oo © 


m 
. 


ooo oo 
OU QN NO O m 00 Un 
OO No U Y YU tà 


* No bacteria present after incubation. — ` 
1 Bacterium mycoides present after incubation. 
1 Bacillus vulgatus present after incubation. 


119 
L| ud IT AS 
L. saepiaria 2/15/17, Bact. mycoides 
3/31/17 
102* 8.48 | 8.43 | 0.05 | 0.59 
103 8.75 | 8.72 | 0.03 | 0.34 
104 8.92 | 8.92 | 0.00 | 0.00 
105 8.78 | 8.67 | 0.11 1425 
107 8.36 | 8.34 | 0.02 | 0.23 
108* 8.64 | 8.64 | 0.00 | 0.00 
109 8.91 | 8.79 | 0.12 1.35 
110* 8.26 | 8.20 | 0.06 | 0.72 
IA a 5 aal 0:86. 
L. saepiaria 2/5/17, B. prodigiosus & 
Bact. mycoides 3/31/17 
111 0.22 9.22 | 0.00 0.00 
113* 8.57 | 8.57 | 0.00 | 0.00 
116 9.93 | 9.86 | 0.07 | 0.75 
117% 9.73 | 9.61 | 0.12 1.23 
118 9.49 | 9.48 | 0.01 | 0.11 
119 8.38 | 8.38 | 0.00 | 0.00 
121 7.85 | 7.85 | 0.00 | 0.00 
122* 8.89 | 8.89 | 0.00 | 0.00 
CSR, Wës SE RW RB: 
L. saepiaria 2/5/17, B. vulgatus & Bact. 
mycoides 4/2/17 
883* | 10.94 | 10.90 | 0.04 | 0.36 
885 9.66 | 9.55 1.0.11 1.14 
88711| 10.23 | 10.06 | 0.17 1.66 
88811| 9.06 | 9.03 | 0.03 | 0.33 
889 8.80 | 8.78 | 0.02 | 0.23 
890 8.72 | 8.68 | 0.04 | 0.46 
Averagel.......1.......1......1 0.69. 
L. saepiaria 2/5/17, B.vulgaris & B. 
coli 4/2/17 
131* ¡ 10.07 | 10.01 | 0.06 0.60 
132 8.51 | 8.46 | 0.05 | 0.59 
133* | 10.39 | 10.36 | 0.03 | 0.30 
134 9.51 | 9.37 10.14 | 1.47 
135 8.26 | 8.15 | 0.11 1.36 
136 9.33 | 9.21 | 0,12 | 1.29 
137 10.67 | 10.44 | 0.23 | 2.16 
138 8.79 | 8.75 | 0.04 | 0.45 
140* | 10.04 | 10.02 | 0.02 | 0.20 
ANA tad 0.95 
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TABLE XIV (Continued) 











I II III IV V I II DI. IV V 
| 
= vi = aS = ga |9 B» 
+ Ds o "m o 
?. 185 | ES Es. ie wh 2 LES | ee LEN |S 2 
2 (353 892 Rog 295 2 | 332 8873 237 295 
LR un wi 2 EET Mee a „ou wo BZ ou Judo 
E E E DO E E| U9 

i OD Du go S x = ooElo, do D. 
= eBM|.og5 O 2509 = 25M) eGR tH OH vog 
2 ee EG n u ZS A 2 EA ne Di pg 8 A 
S^ ME Je DES le T 3 | ee 184 las Lei — 
O E E ed" S O E 9 wi H 

-—" 
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L. saepiaria 2/5/17, Azotobacter chro- ||P. versicolor 2/4/17, Bact. mycoides 
/ 





ococcum 4/2/17 3/30/17 
141° ¡ 9.58 || 9;,47.| 0.11 ] - 1.15 172* | 10.55 | 10.54 | 0.01 | 0.10 
142 8.67 | 8.61 | 0.06 | 0.69 13" 9.40 | 9.25 | 0.15 | 1.60 
143 9.82 | 9.73 | 0.09 | 0.92 174 10.08 | 9.95 | 0.13 | 1.28 
144* 8.09 | 8.02 | 0.07 | 0.86 175 10.15 | 9.99 | 0.16 | 1.58 
145 9.34 | 9.35.| 0.02 | 0.21 176 10.24 | 10.23 | 0.01 | 0.10 
146* 8.44 | 8.41 | 0.03 | 0.35 177 9.18 | 9.14 | 0.04 | 0.44 
147 8.76 | 8.67 | 0.09 | 1.03 178 8.07 | 7.98 | 0.09 | 1.11 
148 10.35 | 10.16 | 0.19 | 1.86 179 10.11 | 10.11 | 0.00 | 0.00 
149 8.43 | 8.43 | 0.00 | 0.00 180* 8.94] -8.53. | 0.01 ] 0.12 
A A NT ET 0.28. A A PA sura 0.70 


P. versicolor 2/4/17, B. prodigiosus & 
Bact. mycoides 3/31/17 


.00 | 0.00 181 9.121 9.05 10.07 | 0.77 
.00 | 0.00 182* | 10.34 | 10.31 | 0.03 | 0.28 
.00 | 0.00 183 9.88 | 9.88 | 0.00 | 0.00 
.00 | 0.00 184 9.27 | 9.14 | 0.13 | 1.40 
s 185 10.11 | 10.09 | 0.02| O 
¿01 | 0.13 186* | 10.49 | 10.33 | 0.16 | 1 
158 9.11 | 9.11 .00 | 0.00 187 9.39 | 9.31 | 0.08 | 0 
161 10.05 | 10.05 00 | 0.00 188 9.30 | 9.24 | 0.06 | 0 
162 10.31 | 10.29 .02 | 0.19 189* 9.16 | 9.10 | 0.06 | 0.65 

0 

0 

& 


Polystictus versicolor 2/4/17 


151 11.75 | 11.75 
152 8.02 | 8.02 
153 11,15 |.11.15 
155 9.18 | 9.18 
156 10.25 | 10.25 
157 7.14 | 7.73 





ooooooooo 
e 
© 
© 
e 
e 


AE MA WIE CMS Ps eee 190 10.36 | 10.33 | 0.03 
AVEIRERL 11 2222122205 04004625 E. [Avira eis ma son vcn us auc 


P. versicolor 2/4/17, B. prodigiosus ||P. versicolor 2/4/17, B. vulgaris 
3/30/17 coli 4/2/17 
191* 8.63 | 8,61 [0.02 | 0.23 201 9.28 | 9.17 | 0.11 1.19 
192 9.01 | 8.98 | 0.03 | 0.33 202* 9.55 | 9.46 | 0.09 | 0.94 
193 8.59 1 8,57 | 0:02 | 0.23 203* 9.31] 9.11 1.0.20 | 2.14 
194 8.86 | 8.79 | 0.07 | 0.81 204 9.90 | 9.73 | 0.17 | 1.72 
195 10.95 | 10.81 | 0.14 | 1.28 205* 9.70| 9.69 | 0.01 | 0.10 
196* 8.59 | 8.49 | 0.10 | 1.24 206 10.00 | 9.94 | 0.06 | 0.60 
197 8.86 8.77 | 0.09 1.01 207 10.43 | 10.25 | 0.18 1712 
198 9.35 9.35 | 0.00 0.00 208 8.93 8:81 | 0:12 1.34 
199* | 10.02 9.66 | 0.36 3.58 210 9.53 9.52. 170.01 0.11 

s AerBgel.. i A A AO AAA, A PA 0.98 


* No bacteria present after incubation. 
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TABLE XIV (Continued) 


I qdE Jm we CEV dum] 

P. versicolor 2/4/17, Azotobacter chro- || P. versicolor 2/4/17, B. vulgatus & Bact. 
ococcum 4/2/17 mycoides 4/2/17 

211" 9.12 ı 9.12 | 0.00 | 0.00 891 8.26 | 8.26 | 0.00 | 0.00 
212* | 10.48 | 10.41 | 0.07 | 0.67 892 10.86 | 10.69 | 0.17 1.59 
213 8.46 | 8.41 | 0.05 | 0.59 893 9.03 | 8.94 | 0.09 | 1.00 
214* OFS) "9047 0:01. | 0-11 894 8.73 | 8.63 | 0.10 | 1.14 
215 8.572 | 8.43.) 0.14 | 1.63 895t11| 9.36 | 9.20 10.16 | 1.71 
216 8.59 | 8.56 | 0.03 | 0.35 896 10.59 | 10.42 | 0.17 1.61 
217 9.23.11 9,412 | 0373 | 1,40 89711| 9.43 | 9.40 | 0.03 | 0.32 
218 9.25 | 9.20 | 0.05 | 0.54 898 9.27 | 9; 13 Ie. 3.81 
219 9.52 | 9.49 | 0.03 | 0.37 899 8.92 | 8.88 | 0.04 | 0.45 
220 9.70 | 9.70 | 0.00 | 0.00 900tt| 9.11 | 9.08 | 0.03 ee 

0. 


y E sale sri 0.57 J| Average co. in haar 


TABLE XV (Series B) 


THE EFFECT OF BACTERIA ON THE RATE OF DECAY INDUCED BY FOMES PINICOLA, 
POLYSTICTUS VERSICOLOR, AND LENZITES SAEPIARIA ON WHITE ASH 


Control, error due to weighing +0.01% ||F. pinicola 2/16/17, L. saepiaria 3/30/17 


1071 9.00 | 9.00 | 0.00 | 0.00 681 6.06 | 5.78 | 0.28 | 4.61 
1072 6.17 | 6.17 | 0.00 | 0.00 682 5.83 | 5.57 | 0.26 | 4.46 
1073 6.29 | 6.28 | 0.01 | 0.15 684 6.29 | 5.81 | 0.48 | 7.13 
1074 5.80 | 5.80 | 0.00 | 0.00 685 5.58 | 5.10 | 0.48 | 8.59 
1075 7.75 | 7.75 | 0.00 | 0.00 686 7.63 | 7.45 | 0.18 | 2.36 
1076 9.35 | 9.35 | 0.00 | 0.00 687 6.35 | 5.97 | 0.38 | 6.00 
1077 9.01 | 9.01 | 0.00 | 0.00 688 7.41.1 IS 10720 1. 3,50 
1078 9.87 | 9.87 | 0.00 | 0.00 689 5.94 | 5.45 | 0.49 | 8.25 
1079 8.55 | 8.55 | 0.00 | 0.00 690 7.60 | 7.56 | 0.04 | 0.53 
1080 10.2: SL ee I E 1 ra rp A le Cae son eor th odi 
Ayeraye SS A a 0.01 ILASOFAEBI ¿ada je daca A Sco 5.05 
S 3 F. pinicola 2/16/17, L. saepiaria & P. 

Fomes pinicola 2/16/17 versicolor 3/30/17 
661 6.17 | 5.93 | 0.24 | 3.89 691 6.76 | 4.78 | 1.98 | 28.29 
663 6.50| 5.96 | 0.54 | 6.79 692 5:553 | 3.75 | 1,28. [32.15 
664 5.74 | 5.54 | 0.20 | 3.49 693 6.52.) -4.40 | 2.12. | 33:82 
665 6.70.] 6.55 | 0:15 | 2.24 694 6.31 | 4.64 | 1.67 | 31.41 
666 6.04 | 5.77 | 0.27 | 4.47 696 6.07 | 4.10 | 1.97 | 32.46 
667 7.08 | 7.02 | 0.06 | 0.85 698 5.67 | 3.70 | 1.97 | 34.75 
668 6.26 | 5.98 | 0.28 | 4.47 700 6.61 | 4.76 | 1.85 | 28.40 
669 S 2E I 5561 T0515 1.2 30 Wis ay cule dal PA A 
670 589.1 5.57 10:32. |) 8:459. RA er EAE T T3 Oo Pv qs 
JUVGFAE UE E ost 4.89" || Averagel..: concolor [a0 84 31.54 


F, pinicola 2/16/17, P. versicolor 3/30/17 |^. Sen 2/16/11, B. prodigiosus 


671 6.15 | 5.49 | 0.66 | 10.73 701* | 7:35 | 2.15.0.20 | 2,72 
672 7.54 | 6.91 | 0.63 | 8.35 102 6,74 | 6.5211 0.22 | 3:32 
673 6.71 | 4.26 | 1.45 | 21.57 704 6.77 | 6.47 | 0.30 | 4.43 
674 5.97 | 4.25 | 1.72 | 28.85 705 6.53 | 6.33| 0.20 | 3.06 
675 6.80 | 5.14 | 1.66 | 24.42 706 6.07 | 5.95 | 0:12 | 1.93 
676 5.74 | 4.33 | 1.41 | 24.60 707* a u BR 
677 6.15 | 5.97 | 0.18 | 2.93 708 6.07 | 5.33 | 0.74 | 12.18 
678 6.79 | 5.51 | 1.28 | 18.88 709 6.67 | 6.28 | 0.39 | 5.84 
679 5.92 | 487 1 1:05 | 17.75 710* | 6:64 | 6.291 0:35 | 5.27 
680 58411 4:561 228.1] 38573. PA, A A exse pe] Ys 
ra rarus ia sr PEO ES M asus A TEES 4.46 
* No bacteria present after incubation. 1 Bacillus vulgatus present 


t Bacterium mycoides present after incubation. after incubation. 


t h ` II LM) Wh oH [| dde quw v 
ro PM ILL PL PST m qr UE EE, Dee RD c ER PL, E 
& LE. 12. "Le e Lë [E "A 
t 183 (Es [88 |2 2| B ($3 (39 (53 l2 o 
* SE 394 ëlo E E 89^7|s99^2| 99^ VAR 
DO 5 Sul Po SAO DTH! AS EROS 
e SoEl BS Eleos bo da 2 KE SS Soba Er 
= "ENS + YI + to Qo od =} Ai E oa I ru DG 
3 [33 [Sa |83 |3 2] 3 |33 (33 je Ee 
Ö véi EI d go - 5 3A 3 d go - 
> = = = 
F. pinicola 2/16/17, Bact. mycoides ||L. saepiaria 2/5/17, B. prodigiosus 
3/31/17 3/30/17 
711" 9.86 l 8,17]. 0.69 | 11.75 751 6.95 | 4.58 | 2.37 | 34.10 
712 5.80 | 5.65 | 0.15 | 2.59 752* 6,63 | 4,12.) 2.51 |.37.88 
$43" 6.63 | 7.50 | 0.13 | 1.96 753 6.76 | 4.87 | 1.89 | 27.91 
714 6.77 | 6.44 | 0.33 | 4.87 154 6.94 | 4.34 | 2.60 | 37.46 
716 6.12 | 6.04 | 0.08 | 1.31 755 6.25 | d. 531 2.72.) 27.52 
717 1.29 | 7;08.] 0.17? | 2.34 756* 6.98 | 4.99 | 1.99 | 24.98 
718* 5:92.] 5.89 1'0:03 | 0:51 757* 299.) -3.121 2;81 1:85.45 
719 6.15. | 5,7191 0:36 | 5:85 759 7,41 | 5.83 | 1.58. ] 21.30 
120 7.56 | 6.99 | 0.57 | 7.53 760 7.82 | 5.00 | 2.82 | 36.01 
Averagel........|.......12.....1 4,30 [lAveragel. 1 34,40. 
F. pinicola 2/16/17, B. prodigiosus & ||L. saepiaria 2/5/17, Bact. mycoides 
Bact. mycoides 3/31/17 3/31/17 
721 1.09 | 6:72 |.0.37 | 5.22 761 7.77 | 5.84 | 1.93 | 24.85 
723 7.14 | 6.37 | 0.77 | 10.78 763 9.10 | 5.58 | 3.52 | 38.72 
725 food | 7,0281 0,511 6.77 764 7.93 | 4.92 | 3.01 | 37.98 
726* 7.18 | 6.72 | 0.46 | 5.61 765* 7.75 | 4.95 | 2.80 | 36.12 
121° 6.95 | 6.39 | 0.56 | 8.06 766 812.1 5.23: 1.2,89.] 35,061 
728* 6.18 | 6.07 | 0.11 1.76 768* 8.37 | 5.82 | 2.55 | 30.50 
729 6.66 | 6.60 | 0.06 | 0.90 769 6.64 | 4.65 | 1.99 | 30.04 
130 6.86 | 6.85 | 0.01 | 0.15 770* 7.25 | 4.80 | 2.45 | 33.80 
Averagel. JI "TC ot HAveragel. ll 33:74 
. na o L. saepiaria 2/5/17, B. prodigiosus & 
Lenzites saepiaria 2/5/17 Bact. mycoides 3/31/17 
742 5.71 | 3.82 | 1.89 | 33.10 771” 6.63 | 4.63 | 2.00 | 30.19 
743 7.84 | 5.16 | 2.68 | 34.15 772 1.37 | 5.49 | 1.88 | 25.50 
745 6.77 | 4.86 | 1.91 | 28.65 113 7.88 | 5.49 | 2.39 | 30.32 
146 6.46 | 4.56 | 1.90 | 29.40 774* 7.88 | 5.40 | 2.48 | 31.50 
748 6.54 | 4.57 | 1.97 | 30.15 775 6.19 | 4.07 | 2.12 | 34.30 
750 6.31 | 4.09 | 2.22 | 35.01 776 6.47 | 4.78 | 1.69 | 26.13 
IA [PISA IA divos GE? ive 6.87 | 4.44 | 2.43 | 35.40 
E A A été? had Ax 4 780* 7.10 | 4.24 | 2.86 | 40.25 
Averagel. E SS 31.74 | Average. ies Mée | 31,69 
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TABLE XV (Continued) 


* No bacteria present after incubation. 
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TABLE XV (Continued) 








EH DEE DECK CM WE WMP DEI JE ET 
L. saepiaria 2/5/17, B. vulgatus & Bact. ||P. versicolor 2/5/17, B. prodigiosus 
mycoides 4/2/17 3/30/17 
9711 | 12.34 | 7.91 | 4.43 | 35.90 821 7.41 | 3.64 | 3.77 | 50.75 
9721 | 9.72| 6.44 | 3.28 | 33.75 822 6.43 | 3.38 | 3.05 | 47.45 
973 8.01 | 5.10 | 2.91 | 36.15 823 7.84 | 3.78 | 4.06 | 51.25 
974 8.61 | 5.67 | 2.94 | 34.10 824* 6.85 | 4.64 | 2.21 | 32.30 
975 7.64 | 5.01 | 2.63 | 34,45 825 7.38 | 3.48 | 3.90 | 52.75 
976* 7.64 | 5.18 | 2.46 | 32.20 826* 7.46 | 3.71 | 3.75 | 50.20 
977 8.20 | 5.41 | 2.79 | 34.01 827* 6.57 | 3.16 | 3.41 | 51.80 
978 8.48 | 5.60 | 2.88 | 34.00 829 6.41 | 3.40 | 3.01 | 46.90 
979 8.08 | 5.61 | 2.47 | 30.55 830 6.49 | 3.20 | 3.29 | 50.75 
980 BEE cee A E OA. A A CR | agat ex 
AA PE EATE 33.13. |Averagel... ose nh 48.24 
L. saepiaria 2/5/17, B. vulgaris & B. coli || P. versicolor 2/5/17, Bact. mycoides 
4/2/17 3/31/17 
791 6.85 | 4.18 | 2.67 | 38.95 831 1.02 | 5.01 | 2.01 | 28.65 
792 7.19 5.44 | 2.75 | 38.26 832 6.72 3.20) | 3252) |) 56.20 
793* 6.69 | 4.21 | 2.48 | 37.08 833 7.76 | 4.04 | 3.72 | 48.90 
794 6.52 | 4.04 | 2.48 | 38.00 834* 7.16 | 4.01 | 3.15 | 41.60 
195* 7.26 | 4.31 | 2.95 | 40.01 835 7.53 | 3.91 | 3.62 | 46.75 
796 6.90 | 4.07 | 1.83 | 26.53 836* 5.99 | 3.16 | 2.83 | 47.30 
797 6.83 | 4.45 | 2.38 | 34.82 837 7.27 | 3.98 | 3.29 | 45.25 
798* 6.83 | 4.33 | 2.50 | 36.60 838* 5.93 | 2.98 | 2.95 | 49.76 
199 5.56 | 3.91 | 1.65 | 29.68 839 7.15 | 4.09 | 3.66 | 47.08 
800 5.89 | 3.84 | 2.05 | 34.90 840 6.05 | 3.06 | 2.99 | 49.48 
Average isiaralcinaicalos nass 35,48 Average. 45.70 
L. saepiaria 2/5/17, Azotobacter chro- ||P. versicolor 2/5/17, B. prodigiosus & 
ococcum 4/2/17 Bact. mycoides 3/31/17 
801 5.68 | 3.25 | 2.43 | 42.80 841 7.52 | 3.99 | 3.53 | 47.00 
802 5.87 | 3.19 | 2.68 | 45.60 842* 6.71 | 3.82 | 2.89 | 43.03 
803* 6.20 | 3.81 | 2.39 | 38.55 843 7.81 | 4.10 | 3.71 | 47.50 
804* 6.09 | 3.60 | 2.49 | 40.95 844 8.19 | 4.38 | 3.81 | 46.60 
805* 7.41 ek), || ZO 821.732 845 7.95 3.46 | 4.49 | 56.44 
806 5.90 | 3.70.| 2.20 | 31.30 846* 6.97 | 3.49 | 3.48 | 49.95 
807 7.40 | 4.52 | 3.18. | 41.25 847 7.47 | 3.84 | 3.63 | 48.70 
808 6.84 | 4.32 | 2.52 | 36.85 848 | 7.60 | 3.60 | 4.00 | 52.70 
809 5.97 | 3.47 | 2.50 | 41.80 849 7.41 | 4.07 | 3.34 | 45.01 
810 6.54 | 3.83 | 2.71 | 41.50 850 7.85 | 3.78 | 4.07 | 51.80 
VLC AAA PONER TET 49.39 Average... 1 x an ra tn 48.87 
Polystictus versicolor 2/5/17 P. A 427 2/5/17, B. vulgaris & B. 
811 5.31, 114.061 1.25:1:23,53 861 7.18.| 3.35 | 3.83 1:53.40 
812 5.10 | 4.43 | 0.67 | 13.13 862 7.85 | 3.83 | 4.02 | 51.20 
813 6.42 | 5.22 | 1.20 | 18.70 863 7.16 | 3.96 | 3.20 | 44.70 
814 7.91 | 4.26 | 3.65 | 46.08 864* 6.41 | 3.55 | 2.86 | 44.60 
815 7.42 | 3.99 | 3.43 | 46.23 865 8.45 | 4.22 | 4.23 | 50.10 
816 6.89 | 4.99 | 1.90 | 25.60 867* 6.79 | 3.54 | 3.25 | 47.95 
817 Zita: | 3:94 ] 2:19 1 28:33 868* 7.52 | 3.78 | 3.74 | 49.70 
818 6.67 | 5.35 | 1.32 | 19.78 869 7.58 | 3.82 | 3.76 | 49.60 
819 7.43 | 4.28 | 3.15 | 42.43 870 7.02 | 3.63 | 3.39 | 48.30 


820 rers D EE Des UE S PT EE | PEN HE A MIA A 
EN, E en A PAN 29.11 iL Average a e leas naa apat 48.84 


* No bacteria present after incubation. — 
t Bacterium mycoides present after incubation. 
t Bacillus vulgatus present after incubation. 
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TABLE XV (Continued) 


Loss due to 
decay 
(per cent) 


© Z E + 
E (ES |ER (ës 
e 9 m Q— D a 
5 | 35g 8S9 B9 
5 [3858 95/1925 
Ö VES KI d go 
= > 

P. versicolor 2/5/17, Azotobacter chro- 
ococcum 4/2/17 
871 7.03 | 3.39 | 3.64 
872 6,359 | 3,2311 3.36 
873 3:59) F02 257 
874 6.39 | 3,31 12:96 
875* 5,470 | 2:74 | 2:06 
876* 5.80 | 3.94 | 1.86 
877 6.29 | 3.020) 3:37 
878* 6.59 | 3.13 | 3.46 
879 7.07 3290: 13:17 
880 6:50^| BEN 3.17 

er OO PARO TEE 





c — 
o i 5 + 
E EF E> (59 |2 3 
o 5.07 397 vom o> eo 
wes ke? el RO SAY 
v ke EISTE "y a 
E © v O eo $ 
3 eg og ch 258 
= zu) cu | go o £ 
3 to 2 SÉ a LR. gd. "E 

O DE) I 
O t o - 

z = 


P. versicolor 2/5/17, B. vulgatus & Bact. 
mycoides 3/31/17 


381,75 982 8.54 | 4.37 | 4.17 | 48.75 
51.10 983 7.44 | 3.81 | 3.63 | 48.80 
46.00 984 8.74 | 4.36 | 4.38 | 50.10 
46.75 985 8.03 | 3.94 | 4.09 | 50.80 
51.90 986* 7.63 | 4.03 | 3.60 | 47.15 
32.00 987 8.28 | 3.81 | 4.47 | 53.90 
50.45 988* 7.64 | 5.42 | 2.22 | 29.10 
S2 OOM sei gs GE PA PO EA s 
PA ERA SA A A AAA 
SEIS AAA AAA O: ADA eet 
SF GOON Aweragel. danois 46.94 


TABLE XVI (Series C) 


THE EFFECT OF BACTERIA ON THE RATE OF DECAY INDUCED BY FOMES PINICOLA, 
POLYSTICTUS VERSICOLOR, AND LENZITES SAEPIARIA ON WESTERN HEMLOCK 





Control, error due to weighing +0.02% 


1051 9.37 
1052 8.53 
1053 9.11 
1054 8.60 
1055 7.32 
1056 7.47 
1057 9.23 
1058 6.04 
1059 8.53 
1060 9.16 
Average 


Fomes pinicola 2/16/17 


222 7.43 
223 4.78 
224 1.27 
225 6.06 
226 7.28 
227 1:53 
Averagel....... 





9.37 | 0.00 
8.53 | 0.00 
9.11 | 0.00 
8.60 | 0.00 
7,32 |.0,00 
7.46 | 0.01 
9.23 | 0.00 
6.04 | 0.00 
8.53 | 0.00 
9.15 | 0.00 
7.25 | 0.18 
3.43 | 0,35 
7.19 | 0.08 
1,92 | 0, 14 
6.96 | 0.32 
7.41 | 0.14 


Hie w* aea Kd 





= 
o 


tet t tton 











F. pinicola 2/16/17, P.versicolor 3/29/17 


235 7.78 7.26 | 0.52 | 6.68 
236 0.101 ¿9293 | QUIS 2546 
237 6.25 6.15 | 0.10 | 1.60 
239 1,31 7,08.]1-0,23.| -3,15 
240 6.1911 18:03: | 0: 12 1.78 
241 6.69 | 6.58 | 0.11 1.64 
245 6.75 | 6.38 | 0.37 | 5.49 
tel eem TETUER 3.26 
F. pinicola 2/26/17, L.saepiaria 3/30/17 
246 7.52 | 6.46 | 1.06 | 14.62 
247 7.88 | 6.29 | 1.59 | 21.90 
248 7.45 6.67 | 0.78 | 10.48 
249 1.29 7:12. 0,13 1.79 
250 7.481 6.73 | 0.75 1:10.03 
251 9.60 | 8.63 | 0.97 | 10.10 
252 7.48 7.30 |0.18 | 2.42 
253 7.18 7.10 | 0.08 1.11 
AVerageiccssse lid Shae gases 10.31 


* No bacteria present after incubation. 
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TABLE XVI (Continued) 





ETA DÀ 


1.63 | 23.40 
0.67 | 10.73 
1.41 | 19.51 
1.88 | 23.70 
1.59 | 21.12 
1.13 | 16.95 
1.61 | 22.41 
1.47 | 21.40 
1.44 | 19.70 
1.26 | 19.52 


quem HIRED SEO 19.84 


B. prodigiosus 


1.82 | 25.20 
2.03 | 28.80 
2.14 | 25.22 
1.97 | 25.02 
1.82 | 23.84 
1.56 | 24.30 
1.72 | 24.40 
1.82 | 26.58 
0.89 | 11.36 
1.95 | 24.90 


MOS Deen etra 23.96 


.28 | 28.30 
.98 | 26.31 
‚96 | 22.52 
.91 | 26.10 
26.90 
.13 | 28.34 
.92 | 22.80 
.91 | 25.92 
.71 | 26.60 


— fo. bet Fe MÀ Feb Fb PAD 
Kä 
[es 


.46 | 21.28 
.71 | 23.00 
.60 | 24.66 
.82 | 24.78 
.15 | 26.30 
25.56 
.11 | 27.13 
.04 | 24.51 
.29 | 17.58 
sam | 15.61 


m m IND E BE Ee Ft Fe 
00 
N 


Umen ee TERRY 23.04 


D POT Id N V H.E.) a B 
ia 3/90 AT P. versicolor & L. Lensites saepiaria 2/5/17 
255 7.47 | 6.86 | 0.61 | 8.16 301 6.96 | 6.33 
256 6,97 | 6.22.1 0.15.1 10.75 302 6.25 | .5.38 
257 8.01 | 7.06 | 0.95 | 11.87 303 1.44 | 3.81 
258 7.02 | 6.29 | 0.73 | 10.40 304 7.94 | 6.06 
259 7.58 | 6.67 | 0.91 | 12.00 305 1.92 | 5:93 
262 8.00 | 7.07 | 0.93 | 11.62 306 6.66 | 5.53 
263 7.66 | 6.93 | 0.73 | 9.53 307 17.17 ] 73:36 
V Eb RENTEN AREA MPAA Y SANS 308 6.87 | 5.40 
ETH EEE RER ERA ERA 309 7.20 Pau 
A EA OO AO s 310 6.45 | 5.19 
AVATAR: Li il 10.72 || Average 
F. pinicola 2/16/17, B. prodigiosus ||L. saepiaria 2/5/17, 
3/30/17 3/30/17 
265* 6.42] 6,09 | 0.33 | 5,15 311* |] 71-221 3.40 
266 7.13 | 6.83 | 0.30 | 4.21 312 7.05] 5,02 
267 9.03 | 8.96 | 0.07 | 0.77 313 8.46 | 6.32 
269 6.55 | 6.27 | 0.28 | 4.28 314 7,87 | 5,99 
270* 6.84 | 6.75 | 0.09 | 1.32 315* 7.62 | 5.80 
271* 9.02 | 8.32 10.70 | 7,77 316 6.42 | 4.86 
272 1201.1 7.44, 1 0:30 | 6:56 317* 7.05 | 5.33 
273 7.48 | 6.90 | 0.58 | 7.76 318 6.85 | 5.03 
AA PEPA, AA AAA AA 319 7.84 | 6.95 
Dër CC acte ERA O TE 320 7.64 | 5.69 
Pr E AA A 4.72 || Averagel.......l.....-.l......1 23.96. 
F. pinicola 2/16/17, Bact. mycoides ||L. saepiaria 2/5/17, Bact. mycoides 
3/30/17 3/31/17 
274 6.24 | 6.13 | 0.11 | 1.76 321 7.49 T 78.50 
275t | 7.59 | 7.31 | 0.28 | 3.69 322 1293.1 «72:99 
276 Lat | 42.07 10:30 | 4:07 323 6.94 | 5.38 
217 6.98 | 6.60 | 0.38 | 5.44 324 7.32| 5.41 
278 7.32 | 6.91 | 0.41 | 5.60 3251 | 6.54 | 4.78 
279 9.10 | 8.79 | 0.31 | 3.41 326 6.10 | 4.37 
2801 | 7.48 | 7.10 | 0.38 | 5.09 328 6:62 | 73:39 
2811 | 7.27 | 6.92 | 0.35 | 4.81 329¢ | 7.36 | 5.45 
282 8.32 | 7.92 | 0.40 | 4.81 3301 | 6.44 | 4.73 
Averagel: iii deo 4.29 |Average 
F. pinicola 2/16/17, B. prodigiosus & ||L. saepiaria 2/5/17, B. prodigiosus & 
Bact. mycoides 3/31/17 Bact. mycoides 3/31/17 
283 8.00 | 7.90 | 0.10 | 1.25 331 6.86 | 5.40 
284 7.53 | 7.03 | 0.50 | 6.64 Seat | TALA 
285 7.18 | 6.89 | 0.29 | 4.04 333 6.49 | 4.89 
286t | 6.83 | 6.55 | 0.28 | 4.10 334 1.94] : 5:32 
25043 1. 45:98 toad OAL 1.5.15 335 8.16 | 6.01 
288 7310.9 56,79. .|.0;35.1 4,92 336 1,12.] 5.30 
289 6.45 | 6.17 | 0.28 | 4.45 33/ T. |, 7.281.308 
290t | 7.39 | 7.03 | 0.36 | 4.88 338 8.32 | 6.28 
291 7.60 | 7.31 | 0.29 | 3.82 339 7.34 | 6.05 
EN eee! PE HEC ST) PEPA 340¢ | 7.82 | 5.60 
TT RETO SARA AA 4.36 || Average 


* No bacteria present after incubation. 
t Bacterium mycoides present after incubation. 
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TABLE XVI (Continued) 





Lj Hd n | iy y —L 8 00 1 ME DS Wo 15] Up dv o 
o 2 E » [^] E E + 
2 TD» Uv Xm = > E» 
3 (ES Is [93,12 ol 3 [Es [59 les [2 2 
A (853 | 803 |23u| 375 A BOG| E 329 
© [SoE| STElsoE| Ug? 2 | SoE(SCEl col O2? 
= e 5 ga GA Pé Qoo 2 25 Pr 9 DOD 
= X ar o9 o A E on Xd 2o o Q 
a [93 |e [83 |S 7| 3 |53 [63 [88 |S S 
E Ö 9 AES. OQ y 9 BN 
z z z z 
L. a ne L. saepiaria 2/5/17, B. vulgaris & B. || Polystictus versicolor 2/5/17 5/17, B. vulgaris & B. Polystictus versicolor 2/5/17 
351 6.97 | 5.11 | 1.86 | 26.70 371 1.19 | -2:10 | 0,09 | 1.25 
352 7.31 | 3.39") 1.92. | 26.28 372 6.90| 6.79 | 0.11 | 1.59 
353 7.66 | 5.69 | 1.97 | 25.80 373 1.82] 7,67 | 0.15 ] 1,92 
354 7.19 | 5.23 | 1.96 | 27.28 374 7.051 7.03 | 0.02 | 0,28 
353% | 6.90 | 5.35 .| 1,55. | 22,50 375 7.29 | 7.16 | 0.13 | 1.78 
356 6.95 | 5.25 | 1.70 | 24.48 376 9.92 | 9.81] 0.11 | 1.11 
351" 2.081 5,35 | 1.73 | 24.42 377 8.53 | 3,40 |.0.13.] 1.52 
358 7.95 | 5.87 | 2.08 | 26.18 379 8.62 | 8.54 | 0.08 | 0.93 
359* 2,38-1 75.51 1.2.08 122.03 380 9.17 | 8.99 | 0.18 | 1.96 
360 6:96 | 5:33 1.03 | 23.40. waschen satt e A8. ét EA Aa ón 
| MA AA 29 A AA des aon eters eri 1.81 
L. saepiaria 2/5/17, Azotobacter chro- ||P. versicolor 2/5/17, B. prodigiosus 
ococcum 4/2/17 3/30/17 
361 7.54 | 5.62 | 1.92 | 25.48 381 8.23 | 7.84 | 0.39 | 4.24 
362 6.36 | 5.49 | 1.87 | 29.45 382 7.431 7:24 0.19 | 2,55 
363 7.56 | 5.53 | 2.03 | 26.86 384 6.76 | 6.45 | 0.31 | 4.59 
364 6.52 | 5.83 | 1.69 | 25.91 385* | 8.19 | 7.94 | 0.25 | 3.06 
365 7.89 | 5.65 | 2.24 | 28.40 386 7.01 | 6.59 | 0.42 | 6.00 
366* 7.77 | 5.69 | 2.08 | 26.76 387* | 9.63 | 9.18 | 0.45 | 4.67 
367 8.97 | 6.61 | 2.36 | 26.26 388 1:06 | 7:23 (ULT 3.35 
368 1,331 :5.21 | 2.06 | 28.10 389* | 8.40 | 7.98 | 0.42 | 5.00 
369* EIA LITE e "` gu ui ibaloe ry dent barba derat [wa 6 lega 
370* 1:224. .5:25/1.1:97 1 21:201] o 5i] 2353 O PO A 
UL A PROMO DP 26.74 1X verügel. 4 iuo sie e 4.43 
L. saepiaria 2/5/17, B.vulgatus & Bact. ||P. versicolor 2/5/17, Bact. mycoides 
mycoides 4/2/17 3/30/17 
911 6.82 | 5.19 | 1.63 | 23.92 392 8.78 | 7.38 | 0.40 | 4.56 
912* 7.14 | 5.38 | 1.76 | 24.70 393t | 8.29 | 8.05 | 0.24 | 3.18 
913 9.08 | 7.04 | 2.04 | 22.48 394 7.22 | 6.87 | 0.35 | 4.85 
914* 7,15:1 5:17 | 1:989.] 27.72 395¢ | 6.62| 6.46 | 0.16 | 2.42 
915 7.10 | 5.38 | 1:72 | 24.25 397 7.60 | 7.17 | 0.43 | 5.66 
916 7.87 | 5.84 | 2.03 | 25.85 398 6.39 | 6.26 | 0.13 | 2.04 
917* 7.64 5.91 -1:73 | 22,64 399 1:09 130: | 0.47 2.26 
918 1.58.1 3:21 | 2.37. 133.22 4007 | 7.39 | 7.22 | 0.17 | 2.30 
919 T2991. 8.25.1 2,08. 1 DOCE ee d vio PA A E EE 
920 TER 1 25:28-12:08] 28.4 La atas aya O PEO deg rad s 


Averagel... dpi: Ven, HN md EX Pr a gc eg te Rr IPPO 3.41 


* No bacteria present after incubation. — ` 
t Bacterium mycoides present after incubation. 
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TABLE XVI (Continued) 

















A A Vesp. Ww. TE ELI bob EV A 
P. versicolor 2/5/17, B. prodigiosus & ||P. versicolor 2/5/17, Azotobacter chro- 
Bact. mycoides 3/30/17 ococcum 4/2/17 
4011 ı 8.29 | 8.04 | 0.25 | 3.02 431 71.33. | 7.28 [| 0.15. | 2.02 
402 3:19 18:05 10:14 1 4.71 432 6.41 | 6.32 | 0.09 | 1.40 
403 7.10 | 6.90 | 0.20 | 2.82 433 8.28 | 8.13 | 0.15 | 1.81 
404 8.65 | 8.30 | 0.35 | 4.05 435 1.35:1 2:91 0.19 | 2:87 
405 6.27 | 6.03: |:0524| 3.82 436* 2.91.] 42,24 | 9.39. ] 4.02 
406 7.13 | 6.97 | 0.16 | 2.24 437* 7.09 | 6.89 | 0.20 | 2.53 
407 7.415 | 7,56 | 0.19 | 2:45 438 7.68 | 7.60 | 0.08 | 1.04 
4097 | 7.14 | 6.95 | 0.19 | 2.66 439* 8.46 | 8.22 | 0.24 | 2.83 
4107 | 8.86 | 8.68 | 0.18 | 2.03 440 8.35 | 8.11 | 0.24 | 2.87 
Averagel. 1.2125 tials 6444 2.47 IrAweragei, e ga lee 8 engl giereg 2.41 
P. versicolor 2/5/17, B. vulgaris & B. ||P. versicolor 2/5/17, B. vulgatus & Bact. 
coli 4/2/17 mycoides 4/2/17 
421 7.64 | 7.49 | 0.15 | 1.96 921 7.56: 1 7.0% 1 9:22 | 2.91 
422* 8.09 | 7.81 | 0.28 | 3.46 9221 | 6.76 | 6.60 | 0.16 | 2.37 
423* 9,84 | 7.36 | 0.48 | 4.48 923 6.79 | 6.66 | 0.13 | 1.92 
424 8.02 | 7.68 | 0.34 | 4.23 9247 | 7.11 | 6.91 | 0.20 | 2.81 
425 7.63 | 7.44 | 0.19 | 2.49 925 6.98 | 6.77 |0.21| 3.01 
426* 6.47 | 6.36 | 0.11 | 1.70 926 7.18 | 7.02 | 0.16 | 2.23 
427 1.30 | 7.15 10.15. | 2.06 927 7.00 | 6.75 | 0.25 | 3.58 
428 7.45 | 7.25 | 0.20 | 2.68 928 6.46 | 6.25 | 0.21 | 3.24 
429 7.33 | 6.97 | 0.36 | 4.90 9297 | 7.36 | 7.11 | 0.25 | 3.39 
Averagel.S c rel Cree ne 3.15 || Averagel: va Els as än kä nna 2.83 


TABLE XVII (Series D) 
THE EFFECT OF BACTERIA ON THE RATE OF DECAY INDUCED BY FOMES PINICOLA, 
POLYSTICTUS VERSICOLOR, AND LENZITES SAEPIARIA ON DOUGLAS FIR 





Control, error due to weighing +0.03% ||F. pinicola 2/16/17, P. versicolor 3/29/17 








1061 7.29 | 7.29 | 0.00 | 0.00 451 8.25 | 7,821 0.43 |. 3,21 
1062 7.32| 7.32 | 0.00 | 0.00 452 7.24 | 7.15 | 0.09 | 1.24 
1063 7.09 | 7.09 | 0.00 | 0.00 453 1.08.| -6:92.| 0.16] 2.26 
1064 8.86 | 8.86 | 0.00 | 0.00 454 7.56 | 7.18 | 0.38 | 5.01 
1065 9.08| 9.07 | 0.01 | 0.11 455 7.65 | 2:63 | 0.02.| 0.26 
1066 9.18 | 9.18 | 0.00 | 0.00 456 7.60 | 7.34 | 0.26 | 3.42 
1067 8.07 | 8.06 | 0.01 | 0.12 457 6.99 | 6.94 | 0.05 | 0.71 
1068 8.46 | 8.46 | 0.00 | 0.00 458 1.73 | 7.40 10,341 4.27 
1069 7.21 7.21 | 0.00 | 0.00 459 7.58. | 17.15 | 0.43 | 3.68 
1070 8228. 0L 4 25^ LO A A AO RAE rri O 
ELI OPE TERRIER S RT TE 0.03. | Averdgel. C 8 8 wäll ev leben 3.12 
Fomes pinicola 2/16/17 F. pinicola 2/16/17, L. saepiaria 3/30/17 
441 726234, 2:11 |. 051. | Gë 461 8.32 | 8.05 | 0.27 | 3.24 
442 8.55 | 8.00 | 0.55 | 5.75 463 6.43 | 6.35 | 0.08 | 1.24 
443 7.25.| 7.18 | 0.07 | 0.96 464 8.02.1. 1,47400,2541 3:12 
444 1.44 | 7:65:1'0,07 | 0.91 465 7.62] 7.501.0.12 1 1:58 
445 8.25 | 7.75 | 0.50 | 6.05 466 7.39 | 7.04 | 0.35 | 4.75 
446 7.54 1 TAS 10 EZ] 1.58 467 7.78 | 7.56 | 0.22 | 2.83 
447 8.04 | 7.73 | 0.31 | 3.86 469 7.06 | 6.67 | 0.39 | 5.50 
448 8.01 | 7.83 | 0.18 | 2.25 470 8.16 | 7.76 | 0.40 | 4.90 
449 A TORE Le Taerar TE 
450 CARRO A ob dii eto xo Rees AAA LA FREE 
Avetagél.: Able. 2.97 I ANEFBgel.. core e E 3.02 


* No bacteria present after incubation. ` ` 
f Bacterium mycoides present after incubation. 
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Be WE A A 
s Lë I3. la 
$ [£82 ER. ($8 2.2 
B |8597 892|R37 975 
P |'S$pRE|S.E|goE 98, 
3 [oem og cob 95% 
3 e BR ER O A 
3 OR E $9 | 
O E o d 
= z 
F. pinicola 2/16/17, L. saepiaria & P. ||F. pinicola 2/16/17, B. prodigiosus & pinicola 2/16/17, L.saepiaria & P 
versicolor 3/30/17 
471 8.41 | 7.81 | 0.60| 7.13 
472 8.62| 7.78 | 0.84 | 9.75 
473 $.18 | 7.55.) 0.63 | 7.71 
474 8.23 | 7.64| 0.59 | 7.18 
475 9.10 | 8.59 | 0.51 | 5.61 
476 7.42 | 7.00 | 0.42 | 5.66 
478 7.45 | 6.88 | 0.57 | 7.65 
479 8.74 | 8.18 | 0.56 | 6.43 
480 8.45 | 7.56 | 0.89 | 10.52 
INV e ¿lacio da da 7.52 
Fomes pinicola 2/16/17, B. prodigiosus 
3/30/17 
481 9.51| 8.89 | 0.62 | 6.52 
482 9.91 | 9.51 | 0.40 | 4.04 
483 10.36 | 9.87 | 0.49 | 4.74 
484 9.31 | 8.65 | 0.66 | 7.08 
485* | 7.37 | 7.19 | 0.18 | 2.46 
486 9.54 | 8.92 | 0.62 | 6.50 
487* | 8.83 | 8.36 | 0.47 | 5.32 
488 8.35 | 8.01 | 0.34 | 4.07 
489* | 7.45 | 7.20 | 0.25 | 3.36 
490 8.25 | 7.85 | 0.35 | 4.24 
CC o ERE DIE 4.83 
F. pinicola 2/16/17, Bact. mycoides 
3/31/17 
491 8.48 | 8.03 | 0.45 | 5.31 
492 8.66 | 8.23 | 0.43 | 4.96 
493* 7.86 | 7.62 | 0.24 | 3.05 
494 10.72 | 10.27 | 0.45 | 4.19 
495 7.63 | 7.45 | 0.18 | 2.36 
496 9.26 1 8:71 18.55 | -5:92 
497* 7.04 | 6.78 | 0.26 | 3.70 
498 10.16 | 9.84 | 0.32 | 3.14 
499 7.65 | 7.42 | 0.23 | 3.01 
500* | 8.26 | 7.85 | 0.41 | 4.96 
a O OO, PPS. 4.06 
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TABLE XVII (Continued) 


I 


Culture bottle 


— 
— 


Weight of | 
before decay 
(gms.) 


M 
— 
Lal 


after decay 
(gms.) 


| of sawdust 


F. pinicola 2/16/17, B. 


Bact. mycoides 3/31/1 


B. 


FEHNWEBTABRD EHRE OD [X 
+ 

> 

be |2 5 
99^ 95» 
BUG 9 
zoE vp? 
"e Eë Ug 
TRER 
S 


ger & 


0.44 
0.34 
0.22 
0.35 
0.42 
0.50 
0.46 
0.22 


VV DIN O DO WH Ou» 
He 
o 00 “IO WO 00 


coun 


prodigiosus 


15.09 
15.13 
15.18 
18.38 
16.42 
17.83 
18.45 
19.61 
14.47 


501 8.84 | 8.40 
502 8.52 | 8.18 
503 8.69 | 8.47 
504 9.22 | 8.87 
505 8.98 | 8.56 
5067 | 8.21 | 7.71 
507 ZC di 
508 7 7.89 1.61 
509} | 7.89 | 7.72 
510 9.86 | 9.40 
eg (co uiuos odas vno A 
Lenzites saepiaria 2/5/17 
521 7.87 | 6.96 
522 9.49 | 8.12 
523 8.39 | 7,22 
524 1.56 | 6.65 
525 7.67 | 6.60 
526 7.91 | 6.66 
528 7:61.) 6.57 
529 9.38 | 8.12 
530 9.16 | 7.69 
N:verágel. ` 3 a lis 444441. 
. saepiaria 2/5/17, 
3/31/17 
531 7.81 6.63 
Soe" 1 S67 1 2.26 
533 6.49 | 3.71 
534* | 8.01 | 6.54 
536 7.43 | 6.21 
537 HOLI Et 
538* | 8.88 | 7.00 
539 7.44 | 5.98 
540 9,83 18. 05 
Ayers... reinlesen 


* No bacteria present after incubation. — ` 
T Bacterium mycoides present after incubation. 
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TABLE XVII (Continued) 
E CH € py do E ET IE PN 
L. saepiaria 2/5/17, Bact. mycoides ||L. saepiaria 2/5/17, B. vulgatus & Bact. 
3/31/17 mycoides 4/2/17 
541 8:20 1,295] 1.35. | 15,51 941* 8.84 | 7.67 | 1.17 | 13.52 
542 8.31 | 6.89 | 1.42 | 17.09 942* 8.40| 7.21 | 1.19 | 14.19 
543* 1,82: 1 6.30: 11,32 | 16.89 945 7.73 | 6.61 | 1.12 | 14.49 
544* 7.79 | 6.62 | 1.17 | 15.01 946 8.63 | 7.31 | 1.32 | 15.30 
545 8.59 | 7.03 | 1.56 | 18.17 947* | 8.50| 8.33 | 0.17 | 2.00 
546 6.87 | 5.64 | 1.23 | 17.89 948 6.76 | 5.75 | 1.01 | 14.93 
547 8.01 | 6.83 | 1.18 | 14.73 949 6.98 | 6.03 | 0.95 | 13.60 
548 DA 8:32 1 1:40 | 144. ll. ocacion feo var ros [va+? 0 53 
£40* 1 6:02 1 -5.272.1:0:90 NH EE soo otov er alo EA EE 
550 71.391 35:527 | OBE | 11.78.15. esee clero ot] aca err rixa 
aar PE, AURA IT | 15.51 || Averagel. vg dl A ena cken? 12.37 
L. saepiaria 2/5/17, B. prodigiosus & . . 
Bact. mycoides 3/31/17 prodig Polystictus versicolor 2/5/17 
551* 8.41 6.96.1] 1215 | 17.25 592 8.69 8.68 | 0.01 0.12 
552 7.954. ] 45:39. 1 1,18] 15.65 593 8.64 | 8.63 | 0.01 | 0.12 
553 8.84 | 7.75 | 1.09 | 14.08 599 8.75 | 8.73|0.02| 0.23 
554 7.97 | 6.66 | 1.31 | 16.40 600 8.69 | 8.67 | 0.02 | 0.23 
555 1:45: | ,6.53:10,92 1 12.35 603 8.17 | 8.16 | 0.01 | 0.12 
556* | 9.28 | 7.89 | 1.39 | 14.99 604 9.26 | 9.24 | 0.02 | 0.22 
557 9.00 | 7.67 | 1.33 | 14.78 605 8.80| 8.79 | 0.01 | 0.12 
559 17.28 1 06.34 1 991 | 12.81 606 9.05 | 9.03 | 0.02 | 0.22 
560 F + 78%] 3,804 1.09 11903. Hoo seio neto area 
VI EE, ER LUTTE 14.75 | VTT Ee, EEN 23.04 0.17 
L. saepiaria 2/5/17, B. vulgaris & B. coli ||P. versicolor 2/5/17, B. prodigiosus 
3/31/17 3/30/17 
570 8.47 7.49 | 0.98 | 11.55 608* 7.80 1:30 1,0223 2.95 
573 6.25 | 5.38 | 0.87 | 13.92 609 9.61 | 9.23 | 0.38 | 3.96 
574* 7.56 | 6.46 | 1.10 | 14.56 611 7.27 | 2:151 0.121 1:68 
575 9,09 | 7:52:| 1.57. | 11.28 612 8.131 8,01. 0.22 1 1,47 
576* 7.04 | 6.16 | 0.88 | 12.50 613* 7.15 | 7.09 | 0.06 | 0.84 
577° | 9.23 | 8.00 | 1.23 | 13.34 614 7.67 | 7.60 | 0.07 | 0.91 
578 8.77 7.18 | 1:59 | 18.11 615 8.01 7.80 | 0.21 2.02 
A ERES. ro CPP. AO 616* 7.48 1:38 | Oty 2.2 
Her ATA saa cms CES, MEE 617 9.271 8.96 | 0.31.) 3,34 
2252922 A. AS A war 618 8.93 | 8.70| 0.23 | 2.58 
Ayeragel.. i.c Al ses sd o ses 12,47 "ITAÀeragel:.. cols 3. es 2.26 
L. saepiaria 2/5/17, Azotobacter chro- ||P. versicolor 2/5/17, Bact. mycoides 
ococcum 4/2/17 3/31/17 
580 8.30 7.16 | 1.14 | 13.75 619* 7.96 7.74 | 0.22 Zu 
581 1.22 | 6.41 11.11 ] 15.38 620° | 2.45 | :7,33:1 0.821 1.61 
586* 7.26 6.10 | 1.16 | 15.98 621* Poet 7.30 | 0.07 0.95 
587* | 9.37 | 8.86 | 0.51 | 5.09 624 7.07 | 6.86 | 0.21 | 2.97 
588 8.31 7.11 | 1.20 | 14.45 625 9.06 8.87 | 0.19 2.04 
589* | 6.96 | 5.88 | 1.08 | 15.52 626 7.69 | 7.64 | 0.05 | 0.65 
590 7.13 | 6.08 | 1.05 | 14.72 627 8.91 | 8.89 | 0.02 | 0.22 
ia la dls warp ae 628 6.62 6.57 | 0.05 0.75 
HE a ica laa 629 8.33 8.22 | 0.11 1:32 
A ela AAA AA PR AU APO 630 (Ek 7.07 | 0.06 0.84 
etc COITU EET 13:58: || Averagek 2:5 ero adr eese Iss 1.42 


* No bacteria present after incubation. 


t Bacterium mycoides present after incubation. 
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TABLE XVII (Continued) 





I w dw O ER "` SE, qw] v 
2 2 + © E E = 
= 19 5 Mx bee ls = Š T ws [Mo EA a 
ME NEE 88-1755 E a a A e Se 
5 13331383 (539 533 | = [8371382 lesa] 375 
= DVE Ba E iaman 737 g SoElS,.EleoE| Vee 
z eo He GB Hr Bog 3 PES EOS 99 Bog 
3 (a3 (55 [88 Bh = [63 33 2218 S 
Q "8 J Ek Ö 30 "S go 
z > > = 
P. versicolor 2/5/17, Azotobacter chro- ||P. versicolor 2/5/17, B. vulgatus & Bact. 
ococcum 4/2/17 mycoides 3/31/17 
651 BST 2.48 | 0.01 | D.13 951 8.88 | 8.75 |.0.13.| 1.46 
653* 8.18 | 8.02 | 0.16 | 1.96 952* 7.59 | 7.53 | 0.06 | 0.79 
654* 8.46 | 8.35 | 0.11 1.30 9541 | 8.59 7.54 | 0.05 | 0.58 
656 8.53 | 4,51 10.03 1.0.23 955 8.09 | 8.03 | 0.06 | 0.74 
657* 9.95 | 9.75 | 0.20 | 2.01 956 7.01 | 5.91 10,10 | 1.56 
659 1.09 | 7.07 | 0.02 | 0.28 957* 7.16 | 7.06 | 0.10 | 1.39 
660 T.29 | 7,25] 0,04 | 0,55 959 7.41 | 17.29 | 8.12 1.62 
T pnmo E EAR. A, SCR 960 7.80 | 7.71 | 0.09 1.15 
LC We Ee WK ODE li Aerial occ een css d Lulli 





* No bacteria present after incubation. 
T Bacterium mycoides present after incubation. 


The average results of the foregoing series are tabulated in 
table xvni. 


THE GROWTH OF PURE CULTURES OF BACTERIA ON SAWDUST AND 
THEIR EFFECT ON THE REACTION OF THE SAWDUST EXTRACT 
Due to the fact that in most of the cultures bacteria were no 
longer found alive at the end of the period of ineubation, pure 
cultures of the organisms were grown on sawdust in order to 
determine whether or not the sawdust was toxie and the 
effect, if any, of the bacteria on the reaction of the extract. 
Equal amounts, 5.00 gms., of sawdust were placed in 125-ce. 
Erlenmeyer flasks and 50 ec. of distilled water were added to 
each. The flasks were plugged and autoclaved for one hour 
and subsequently inoculated with various species of bacteria. 
After thirty days” incubation at room temperature transfers 
were made from the flasks to hard potato agar, and the reac- 
tion of the wood extract determined by titrating 5 cc. of the 
extraets against N/20 sodium hydroxide. Red oak, western 
hemlock, and Douglas fir were used in this work, with Bacillus 
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coli, B. vulgaris, B. prodigiosus, and B. vulgatus as the organ- 
isms. 

The results of the titrations, expressed in degrees of acidity, 
Fuller's scale, are given in table xix. All series were run in 
triplieate and the following results are the average of three 
titrations: 


TABLE XIX 
THE EFFECT OF PURE CULTURES OF BACTERIA ON THE REACTION OF WOOD 
EXTRACTS 
Organism Red oak Western hemlock Douglas fir 
A RA eee 13.0 2.5 3.0 
Bacillus co..,. ....... uu. 13.0 2.0 3,2 
Bacillus vulgaris.......... 13,5 2.9 3.0 
Bacillus prodigiosus....... DEC A Kä 
Bacillus vulgatus.......... AO aaa aw 


In the ease of the red oak extract the end point could not be 
exactly determined because of the dark color of the extract 
which might account for the slight variations in the titrations. 
It is evident therefore that these organisms do not change the 
titratable acidity of the wood extracts to any considerable ex- 
tent, if at all. 

Transfers made from the cultures at the end of thirty days’ 
incubation to hard potato agar were negative in every case, 
indicating that the wood extracts were either toxic to, or 
lacked some of, the necessary substances for continued growth 
of the organisms. 


Discussion or RESULTS 
SERIES A: RED OAK 

The rate of decay of red oak was comparatively slow with 
the three fungi used. Lenzites saepiaria caused the most rapid 
loss in weight in the culture bottles. In cultures first inocu- 
lated with Fomes pinicola and subsequently with Polystictus 
versicolor and Lenzites saepiaria the rate of decay was greater 
than that caused by any of the fungi growing separately and 
indeed greater than the combined rate of the three. In all 
cases the rates of decay caused by the fungi alone were less 
than those to which cultures of bacteria were added. With 
Fomes pinicola the highest rate of decay was produced in cul- 
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ture bottles to which Bacterium mycoides was added; with 
Lenzites saepiaria the highest rate was in the culture bottles 
to which Bacillus prodigiosus was added; and with Polystictus 
versicolor in those to which Bacillus vulgaris and B. coli were 
added. The only bacteria found in the culture bottles at the 
end of the period of incubation were Bacillus vulgatus and B. 
coli. 
SERIES B: WHITE ASH 

The highest rate of decay caused by the fungi was that 
caused by Lenzites saepiaria. Cultures of Polystictus versi- 
color to which bacteria were added lost the most weight due 
to decay of any of the cultures of the entire series. Culture 
bottles first inoculated with Fomes pinicola and subsequently 
with Lenzites saepiaria, Polystictus versicolor, or both, lost 
less weight than those inoculated with Leneites saepiaria or 
Polystictus versicolor alone. This is quite different from the 
results obtained with red oak. The addition of bacteria to 
cultures of Fomes pinicola caused no change in the rate of de- 
cay. In the case of Polystictus versicolor culture bottles to 
which bacteria were subsequently added lost more weight than 
did pure cultures of the fungus. The greatest loss in weight 
is found in cultures of Polystictus versicolor to which Bacillus 
prodigiosus and Bacterium mycoides were added. Bacillus 
vulgatus and Bacterium mycoides were the only bacteria found 
in the culture bottles at the end of the period of incubation. 


SERIES C: WESTERN HEMLOCK 

Lenzites saepiaria caused the highest rate of decay on west- 
ern hemlock of any of the fungi used. Cultures first inocu- 
lated with Fomes pinicola and subsequently with Polystictus 
versicolor lost no more weight than those inoculated with 
Fomes pinicola alone. In Fomes pinicola cultures subse- 
quently inoculated with Lenzites saepiaria the loss in weight 
was practically identical to that lost by pure cultures of Len- 
zites saepiaria. When Fomes pinicola cultures were subse- 
quently inoculated with both Lenzites saepiaria and Polystic- 
tus versicolor the loss in weight was also practically the same 
as that caused by pure cultures of Lenzites saepiaria. Cul- 
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tures of Polystictus versicolor to which bacteria were added, 
in all eases lost from two to three times more weight than was 
lost by pure cultures of the fungus. Bacterium mycoides was 
the only baeterium found in the eulture bottles at the end of 
the period of incubation. 


SERIES D: DOUGLAS FIR 

Lenzites saepiaria caused the most rapid rate of decay of 
Douglas fir. The addition of bacteria to cultures of Fomes 
pinicola and Lenzites saepiaria caused no apparent change in 
the rate of decay. Cultures of Polystictus versicolor to 
which bacteria were added lost from five to ten times as much 
weight as did cultures of the fungus alone. Bacterium 
mycoides was the only bacterium found in the cultures at the’ 
end of the period of incubation. 


SUMMARY 


The experimental results obtained may be briefly summa- 
rized as follows: 


1. When wood is sterilized by autoclaving it undergoes cer- 
tain changes which must be considered when using wood for 
experimental purposes with wood-decaying fungi. Among 
these changes are: (a) a change in color; (b) an inerease in 
the amount of reducing substances in the extract; (c) an 
increase in the acidity of the extract; (d) an inerease in the 
hydrogen ion concentration of the extract; (e) a change in re- 
sistance towards decay. 


2. Cellulose-dissolving bacteria play no important part in 
the decay of wood under natural conditions. 


3. The results from the decaying experiments tend to indi- 
cate that the rate of decay may be materially inereased by the 
presence of the ordinary saprophytie bacteria. 


4. The influence of bacteria on fungi with reference to the 
rate of decay induced by the fungi varies with the different 
fungi on different woods. 


9. Further experimentation along this line is essential. 
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